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Crystal Peak, Coal Valley and Coaldale lignites were 
deposited in penecontemporaneous environments containing 
similar floral assemblages indicating a uniform climatic 
regime may have existed over west-central Nevada during 
late Barstovian-early Clarendoni&n time. Palynological 
evidence indicates a late Duchesnean to early Chadronian 
age for the lignites at Elko. At Tick Canyon no definitive 
age was ascertained.
At all locations, excepting Tick Canyon, field and 
palynologic evidence indicates low energy, shallow, 
fresh-water environments existed during the deposition of 
the lignite sequences.
Pollen grains indicated that woodland communities 
dominated the landscape while mixed forests existed 
locally. Aquatic and marsh-like vegetation inhabited, 
and was primarily responsible for the in situ organic 
deposits in the shallower regions of the lakes. At each 
location, particularly at Tick Canyon, transported 
organic material noticeably contributed to the deposits.
Past production is recorded from Coal Valley and 
Coaldale, however no future development seems feasible.
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General
Several lignite horizons of Tertiary age occur within 
Nevada. The majority of these lignites have never been in 
production nor have they received as much attention as 
other marginally economic properties in the State. ■This 
has been unfortunate and is a principal reason in 
undertaking this project.
Within Nevada presently there are numerous names and 
systems of classification of Tertiary sedimentary 
formations. All are areally limited to small regions 
around a type section due to rapid facies changes and abrupt 
truncation of beds. This however has not stopped the 
inclusion of vast areas of similar sediments to be lumped 
under a formational title even though disc.repanc.ies are 
prominent.
The intent of this study is to briefly survey five 
locations where lignite of Tertiary age is known to exist. 
The five deposits of lignite are shown on Figure 1 and 
include 1) Crystal Peak, 2) Tick Canyon, 3) Elko, h-) Coal 
Valley, and 3) Coaldale. Samples collected at each location 
were processed for pollen content from which information 
on the depositional history, the paleoenvironment and the 
similarities between these deposits was obtained. Assuming 
either a closely related or largely diverse environment
INTRODUCTION
120" 11 9" 11 8" 
42" .!....__ _ l-





1 17" 116" 1 15" 
I 
I 






' 3s· ~~-........... ~'\IlL ____ -+- - ----1-
' ' ~ 
INDEX HAP O.F' NEV .ADA 
I I 
0 50 100 I\m 
1 Coa l Val l ey 
2 Coal dale 
z 
J Crys t al Pea.."k: 
1
1- li'lk .LJ 0 









for each of these deposits and remembering that these 
lignite horizons are unique and highly restricted in the 
Tertiary sediments, it seems reasonable that some cor~ 
relations can be drawn which might alleviate the 
confused and somewhat arbitrary cataloging of late Tertiary 
sediments in Nevada.
Previous Work
The scope of this paper by its very nature dictated 
many in-depth readings concerning the Tertiary period in 
Nevada and its associated sedimentary stratigraphy. 
Obviously numerous authors have made contributions to 
this area of study and to identify the work of each would 
take more room than is presently available. Therefore 
within each section of this paper the major authors whose 
works were used are mentioned along with their ideas.
It remains now only to mention the most significant authors 
who have influenced this paper.
Three who come to mind first for their pioneering 
effort with the Great Basin Tertiary sediments are King 
(1878) for his ifOth Parallel Survey in which the Humboldt 
and Truckee Formations were originally defined, Turner 
(1900a, 1900b, 1902, 1909) for his work defining the 
Esmeralda Formation and Axelrod (1936) for the definition 
of the Aldrich Station, Coal Valley and Morgan Hanch 
Formations. Axelrod (19^+Oa, 19^0b, 19^9, 1930, 1933>
1956, 1958, 1960, 1 9 6 1) needs also to be mentioned for his 
work on the identification of the flora and paleoenviron­
ments of late Tertiary age in the Great Basin and Sierran 
provinces. In this field of interpretation he is the 
principal contributor. Knowlton (1900) describes a col­
lection of flora from the Esmeralda Formation, as does 
Berry (1927). Many individuals have published descriptions 
of vertebrate and invertebrate fossils, mostly from the 
Esmeralda Formation. These include Lucus (1900), Buwalda 
(191 if), Merriam (1916), and Stirton (1936, 1939). Evernden 
and others (196^a, 196 -̂b) are primarily responsible for 
correlation of radiometric age dates to ages indicated 
by fossil fauna and flora remains.
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BRIEF INTRODUCTION TO PALYNOLOGY
Palynology, according to Erdtman (1971) is the study 
of pollen and spore grains, both of which, in this paper, 
will be covered by the term pollen grains. This field of 
science is broken down into two general areas, basic and 
applied palynology. With respect to this paper both of 
these areas of interest were drawn upon in order to solve 
various problems. From basic palynology conies methods for 
investigation of the transportation of pollen grains and 
their relationship to sedimentary environments. In other 
words, a paleo-ecological picture can be drawn using basic 
palynology. From the applied area of palynology comes 
the aspect of dating rock units from information collected 
from pollen grains. Both fields of palynology are not 
limited to the uses present in this paper. Many more 
significant areas of research are present.
The pollen grain is a product of the anther, most of 
which produce, in modern species, thousands of pollen 
grains. These grains may separate forming four individuals 
or they may cluster forming tetrads, dyads, and polyads.
The important point is that even if separated, many of the 
individual grains still show the relict pattern on their 
surface of the attachments of other grains. This knowledge 
is useful for orientation of pollen grains during identi­
fication (Faegri and Iversen, 196-'+).
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Both angiosperms and gymnosperms produce pollen 
grains, however not all grains of both groups match 
in internal design. Angiosperms and gymnosperms, though 
seed bearing groups of plants, differ basically in their 
manner of bearing their seeds. The angiosperms, or 
flowering plants, have their seeds located in enclosed 
structures called pods or fruit. At maturity these 
structures open and the seeds are dispersed. The gymno­
sperms, on the other hand, do not have a method for enclosing 
their seeds. Their seeds generally develop on the end or 
surface of a limb and may be concealed, not enclosed, by 
strobili or cones (Bold, 1970).
Within the angiosperms, the "living" pollen grains 
commonly contain 3 layers. The core of the grain contains 
the living cell. The intine or intermediate layer com­
pletely surrounds the core. This layer is made up of 
numerous substances such as 1cellulose, polysaccharides 
and other isotropic compounds. The exine or outer shell 
is the portion of the pollen grain which is preserved 
over long periods of time in sedimentary units. The core 
and intine rapidly are destroyed and leave no .trace. The 
exine is composed of very resistant isotropic materials 
which can withstand high temperatures and the action of 
concentrated bases and acids with little alteration. 
Oxidation, however, can corrode or destroy the exine in 
a relatively short period of time. The exine consists of
\
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two recognizable layers, the endexine or inner layer and 
the ektexine or outer layer. The endexine for all intents 
and purposes is microscopically homogeneous except for 
furrows and pores. The ektexine, on the other hand, is 
composed of granules which are small, straight or branched, 
radial rods or columeilae. It is also broken by pores and 
furrows as is the endexine. The columns divide the 
ektexine into three zones. Above the granules is the 
tectum and below is the foot layer. The foot layer and 
the tectum can be relatively thick, fragmentary or missing- 
depending upon the particular species. If a grain has 
a continuous tectum it is tectatej ii the tectum ic> missing- 
then it is intec bate. A semitectate grain may also be 
distinguished if the tectum is fragmentary. In a tectate 
grain the granules seem to have their outer eras fused 
together beneath the tectum. Where a semitecoa^e grain is 
involved, some of the granules may be free and not attached 
to the tectum thus minor clumping of granules may be 
noticed. In an intectate grain all of the granules are 
independent and various degrees of clumping may ezisu 
(Faegri and Iversen, 196^, Erdtman, 1970*
Pollen grains may show structure and structuring 
which are easily confused. According to laegri and Iversen 
(196Z|) structure is a characteristic inherent in the form 
and distribution of the elements inside the tectum of
the exine. Sculpturing or reticulation is the external
9
patterns created which have no direct link to internal 
organization. An example is that given of a spine. It 
may represent a single columellae and thus be considered a 
sculpture feature, or it may be a collection of numerous 
columellae and as such represent a sculpturing feature. 
Distinction between sculpture and sculpturing is difficult 
but very important during identification of pollen grains.
The most common openings in pollen grains are, as 
earlier indicated, pores and furrows. The basic difference 
between these are their dimensions, the furrows being- 
long and narrow and the pores being radial. The pore 
feature commonly is the means by which the pollen tube 
reaches the exterior of the grain, while the furrow commonly 
is a means through which equalization of volume changes 
(due to added moisture or dryness) of the grain occur. 
However there are many exceptions to this generalization. 
Phylogenetically the pores are a newer form being the 
result of the contraction of the more primitive furrow 
(Faegri and Iversen, 196^}.
Some living pollens have apertures which are pores 
from which the pollen tube has emerged rupturing the tnxn 
membrane which normally covers the pore. The pollen is 
considered colporate if there is a one-to-one relationsnip 
between pore and furrow in an aperture. If' the pollen 
exhibits apertures with only a few of them containing 
both a pore and a furrow the grain is said to be hetero-
colpate. If two pores happen to be associated with a 
furrow the grain is considered diploporate (Faegri and 
Iversen, 196̂ -).
The operculum is a heavy aperture (thick tectate 
section) which is surrounded by a thin membrane, thus 
being set off from the exine proper. Apertures may be 
bordered if their edges are reinforced or borderless if 
the aperture is equal in thickness to the exine in general. 
In the bordered variety the distinctive edge is called a 
rnargo if around a furrow? or an annulus if around a pore. 
Within the endexine layer thickening associated with the 
aperture is called costae (Faegri and Iversen, 196i+).
Within a pollen grain between 0 and ^0 apertures may 
be present. Observing the arrangement and frequency of 
these apertures is important during the identification 
process as is observing the grain's general shape (prolate, 
oblate, etc.). There have been numerous classifications 
of pollen grains by shape. Most of these classifications 
are based on the principle that the pollen grain is an 
ellipsoid with characteristic relationships between the 
diameter at the equator of the grain and the length along 
the polar axis. Many of these systems are not reliable 
due to grain distortion from pressures of burial and 
effects of the mounting medium (Faegri and Iversen, 196k, 
Erdtman, 1971)*
Pollen grain size is also commonly used as an ident-
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ification aid, however here again caution must be exer­
cised. Grains may vary in size from 5 microns to over 200 
microns depending upon the species and may vary within 
a species due to the history of the grain. Pollen of one 
species oftentimes may range considerably in size on the 
microscope slide due to different moisture conditions 
when alive, different burial conditions and different 
chemical processing during extraction and mounting. 
Identification by size however is very much used, espe­
cially with western North American floras where many species 
are identical for all intents and purposes except for size 
(Faegri and Iversen, 1964).
Up until this point the discussion has centered around 
angiosperms principally because more work, has oeen performed 
with this 'group and therefore are better understood.
Whereas in the angiosperms pollination is generally carried 
out within the fruit, gymnosperms basically are pollinated 
by the wind and constitute a greater part of pollen rain. 
While angiosperm pollen grains usually have a 3-layered 
wall, the wall structure of the pollen in the gymnosperms 
commonly varies among genera. The relationship between the 
endexine and the tectum is also different thus enabling 
morphological changes in the gymnosperms such as air 
bladders. Apertures are harder to observe because they 
tend to be less distinct in the gymnosperms due to the 
thinness of the exine. Oftentimes a protruding papilla
12
will mark the aperture spot but more often only a hole 
remains (Faegri and Iversen, 1964)*
This brief introduction by no means is complete in 
respect to all the morphological features of pollen grains 
known. Nor was an attempt made to list all criteria that 
are useful in pollen identification. This introduction 
is to aid in understanding the palynologic information 
presented in later sections of this paper.
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METHODS AND PROCEDURES
The samples analyzed for this study were in every 
case part of a larger suite of samples which were taken 
at each lignite location in conjunction with measurement 
of sections. The samples selected for pollen analysis, 
were those which best bracketed the lignite occurrences 
and those which best showed changes in depositional 
environment. All samples processed were lignitic in 
nature.
The following outlines the procedures which were 
used in the preparation of the samples.
1. All samples were cleaned prior to laboratory 
work. Consolidated samples were washed in water and 
thoroughly dried so as to remove all loose material.
Those semi-consolidated samples which were processed could 
not be cleaned due to their fragile condition. These 
samples, as were those of a more consolidated nature, 
were collected with the idea of limiting contamination 
by: 1) being fresh, unweathered (where possible), not
surface samples and 2 ) being sealed immediately in plastic 
bags for transport to the laboratory.
2. Samples were crushed to approximately 1 to 5 mm 
in size in a mortar and pestle which was cleaned and 
dried after each usage.
3» Samples were weighed, for uniform processing, 
with sizes at approximately 30 grams.
H
if. Samples next were placed in a 5 to 10 percent 
non-ionic detergent solution and were left standing for 
2.1 f hours during which time they were stirred occasionally. 
At the end of this period the detergent was poured off 
and boiling water (all water was distilled) was added to 
the sample which was in turn vibrated in an ultrasonic 
bath for one minute. The solution was then transferred to 
the centrifuge tube for centrifuging until the supernatant 
liquid was clear. After decanting, the residue was washed 
in water and centrifuged again. This process helped 
disperse and disaggregate the sample.
5 . To remove the carbonates, mainly calcite, from 
the sample, the residue was placed in a 10 percent cold 
solution of HCL. As effervescence decreased, more acid
was added to "freshen" the solution until concentration 
was in the neighborhood of 20 to 25 percent. When the 
reaction was completed the supernatant liquid was decanted 
and the residue was washed with water and centrifuged 
several times.
6. To remove the sulfate contingent of anhydrite and 
gypsum the residue was placed in a 10 percent solution of 
hot HCL and left to soak. After the reaction had ceased, 
the solution was decanted and the residue centrifuged 
with water numerous times.
7 . The removal of sulphur was accomplished by placing 
the residue in a Xylene solution for a short time period.
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Again the solution was then decanted and the residue washed 
with water and centrifuged. The sample was then optically 
checked for pyrites and the process was then repeated if 
necessary.
8. Humic acids were removed by placing the residue 
in a pyrex beaker in a hot water bath. To the residue
a 10 percent solution of KOH was added and the mixture 
was allowed to boil for 5 minutes (water was added period­
ically to maintain the 10 percent concentration). The 
mixture was removed and allowed to cool before vibrating 
it for one minute in the ultrasonic bath. The residue was 
then strained on a copper strainer with a mesh size of 
approximately 0.2 mm and washed with water. The fine 
suspension was then centrifuged until concentrated. The 
coarse residue was optically checked and the straining 
repeated as necessary.
9. The removal of silicious material entailed the 
boiling of the residue for 3 minutes in a 30 to Zj.0 percent 
solution of HF in a polyethylene beaker. The solution 
was allowed to cool, was decanted, and then the residue
was transferred to a warm water batn. A 10 percent solu^xon 
of HCL was then added and allowed to set in the warm water 
bath for 5 minutes, but was not allowed to boil. By 
washing with warm HCL the dissolved silicious compounds 
will remain in solution whereas if an immediate water 
wash was done colloidal silica, and certain silicofluorides
16
might precipitate and the process would have to be repeated* 
The HCL-residue solution was then decanted and centrifuged.
10. The procedure for the oxidation of the sample 
(lignin removal) is as follows. To the residue a 10 to 
30 percent solution of HNOjj was added. This mixture was 
warmed for 5 minutes in a water bath and stirred contin­
uously. At the end of this period the mixture was removed 
and cold water added to it to dilute the concentration.
The residue was then decanted, washed and centrifuged 
several times with water.
11. To remove the cellulose portion in the residue 
a process termed "acetolysis” was used. The residue was 
thoroughly dehydrated by washing with CH^COOH several 
times (decanting and centrifuging following each wash).
To the residue then was added a fresh mixture of the 
acetolysis solution. This solution was made up of 9 
parts (CHjCO^O (Acetic Anhydride) to 1 part concentrated 
H-.S0, which was then heated until warm. While in a poly- 
ethylene beaker the solution and the residue was placed 
in a boiling water bath for 60 seconds, then centrifuged 
and decanted into running water with care that no water 
was introduced into-the tube (highly explosive). The 
residue was again washed with CH-COOH, centrifuged and 
decanted. This second washing in CHACOOH helps prevent 
the cellulose from precipitating upon contact with water. 
The residue was then washed and centrifuged in water as
17
necessary.
12. The last step prior to mounting involves the 
removal of any residual oxidized humic compounds. The 
residue was placed in a centrifuge tube to which had been 
added a 5 percent solution of K^CO-z* This mixture was 
then allowed to stand for 25 minutes. At the end of this 
period the mixture was subjected to a 3 minute ultrasonic 
bath and then was decanted, washed in water and centrifuged 
several times (Faegri and Iversen, 196^, Gray, 1965a, 
and Erdtman, 1971)*
Prior to explaining the mounting procedures a few 
comments on the above seems in order. The actual sequence 
of the above steps may be varied if the following is 
kept in mind. There are three basic steps in the chemical 
technique for pollen extraction: 1 ) demineralization,
2 ) solubilizing of organic matter and 3 ) dispersion of 
maceration compounds. In the general scheme of things, 
as long as this outline is followed some degree of success 
is assured. Looking, for example, on a more detailed 
basis the alkali treatment when used with acetylation 
proves to be the best general extraction method, however 
if the oxidation treatment is used also, then it must 
precede the acetylation in order to assure no damage occurs 
to the grains.
As noted above the technique used is one of chemical 
extraction. There are numerous combinations of chemicals,
boiling times, vibration rates, and soaking tines which 
will give comparable results to those achieved by the 
method used. There is no standard technique for pollen 
extraction only general ones. 'These methods, by their 
very nature, are flexible enough to be modified when 
situations arise where it is difficult to recover pollen 
from a certain rock type. The methods must also be modified 
depending upon equipment and facilities available and the 
altitude where the work is performed. A second method 
for extraction of pollen grains involves physical separation 
by means of heavy liquids. Here the minerals, organic 
matter and pollen grains are separated by their numerous 
sizes and densities. For example minerals generally have 
a density of over 2 .0 whereas organics range from 1.3 to 
1.7, the pollen being the lightest (Faegri and Iversen,
1964, Gray, 196.5a, and Erdtman, 1971)*
The procedure for the mounting of the slides is a 
simple and short one.
1. The residue was rinsed in a 90 percent alcohol 
solution, centrifuged and decanted. This step was then 
repeated to insure a good dehydration.
2. The residue was further dehydrated by a washing 
in benzene, after which it was centrifuged and decanted.
3. Benzene was again added to the residue along 
with glycerin and allowed to evaporate.
4. After evaporation a drop of residue was placed
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on a watchglass v.rith a few drops of glycerin and mixed.
5. Microscopically the pollen density (high, low, 
average, etc.) was then determined by placing a drop of 
this mixture on a slide.
6. When the pollen density was satisfactory a 
coverslip was placed over the drop and the liquid allowed 
to spread thinly but not overflow tne coverslip.
7. The slide was then sealed with fingernail polish 
and allowed to dry. After which the slide was cleaned 
with alcohol and labeled (Andersen, 1969)*
This technique is quick and makes good liquid 
mounted slides. In Palynology there are numerous 
mounting media, both liquid and solid, which may be 
used. Silicone oil is probably the best liquid mounting 
medium due to its wide range of viscosities, low 
refractive index, stability, water repellancy and its 
ability not to alter pollen grains. Unfortunately 
this oil was not available to this project so glycerin was 
chosen. Its only two drawbacks are that it has a tendency 
to cause pollen grains to swell when compressed by a 
coverslip, and it evaporates if not sealed properly which 
in turn causes grains to swell due to compression.
Making liquid mounts rather than solid mounts is a 
matter of personal preference. Liquid mounts (sealed or 
unsealed) enable the researcher to re-orient the grains in 
question by creating currents in the slide. The solid
19
mounted slide on the other hand, is just that, solid. 
These are possibly a little more durable and can stand 
rougher handling. The techniques required for solid 
mounting the grains, which entails keeping the medium 
fluid, are much more complex and difficult. Also the 
researcher has little choice of grain orientation or 
little control over flocculation of grains, and grain 
swelling is still a problem (Andersen, 1965)*
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MEANS OF POLLEN IDENTIFICATION
There were several different techniques used to 
identify and name the pollen grains all of which are more 
difficult than the techniques used during the extraction 
process of these same grains. The problem of having a 
large enough sample size to include a reasonable represent- 
ative spread in pollen variety is a common problem to all 
paleontology. Securing an ideal sample population can be 
done by processing large amounts of sediments until the 
desired limit is reached. This however can and does become 
expensive with regard to time and money. For the purposes 
of this project, an arbitrary cut-off designated the 
amount of processed material to be used.
Another problem of this project was the lack of 
general knowledge published pertaining to the exact mor­
phology of recent spores and pollens, especially from the 
Sierra Nevada and Great Basin areas. Axelrod (I960) 
indicates that this problem exists throughout the entire 
realm of palynology. It is oftentimes difficult if not 
impossible to accurately identify species or even genera 
by this method. Two variations of this problem occur 
commonly. Often genera may be distinguished by their 
quite unique morphological features, however within a 
genus identification of species may be impossible due to 
no distinct variations. The second problem commonly
2 2
encountered is that several genera may not be distinctive 
enough to be always identifiable.
Keeping these limitations in mind and the fact that 
use of comparative study for fossil pollen grain identif­
ication is solely used, it is easy to understand how 
uncertainty can creep into the results. It takes years 
of work with pollens and the best quality comparative 
reference material on I’ecent and fossil pollens before 
an individual can make identifications with a large degree 
of certainty. Even with the expertise and reference 
material, morphological changes in a pollen grain caused 
by chemical and mechanical treatments may cause troubles 
for the expert.
Chemical effects are the most unpredictable. Using 
HCL and HF acids prior to acetolysis results in a smaller 
pollen grain than if acetolysis alone had been used 
(Axelrod, I960). The degree pf shrinkage is roughly 
proportional to the length of time under treatment.
If these processed grains are compared to fresh pollen, 
obvious descrepancies will result. If however dried or 
herbarium material is compared to the processed pollen 
the results will be much closer. Another problem with 
chemical processing is that it can bias a sample due to 
the fact that some species of pollen are not acid resistant. 
The pollen grains, for instance of Ponulus should be 
present in many collections as indicated by leaf casts,
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however these are seldom found and thus exceedingly rare. 
As previously indicated grain morphology is also changed 
due to mounting media. Glycerine used in the mounting of 
the grains in this project has a tendency to swell many 
types of pollen grains an indeterminable amount. Some 
studies on the degree of.this swelling have been done and 
it has been found that within species of the same genus 
the swelling is quite uniform, however swelling between 
different genera vary greatly.
Mechanical effects are common on acid-resistant 
grains of pollen. External features of sculpture and 
sculpturing such as spines can be abraded to the point 
of being lost. The most commonly used mechanical treat­
ments are stirring and centrifuging. As with chemical 
treatments the abrasion level is proportional to the 
duration of mechanical treatment.
Since comparative identification methods using mor­
phological forms as a basis can usually be less than 
adequate when used alone, other methods, especially 
measuring comparable grain sizes, are also used. As can 
be readily seen, comparisons by this method also cannot 
always give good results for two basic reasons, i1irst, 
as already shown, grain size is affected appreciably by 
chemical treatment and mounting. Tnis size variation is 
not always predictable and since some species differ only 
marginally in size, is not always diagnostic. Secondly,
2/f
and not yet mentioned is the problem of comparing various 
authors' results without having any indication of varieties 
of techniques used by them during processing. Usually a 
general statement accompanies any results derived.
However oftentimes special samples within the collection 
receive different specialized techniques only hinted at 
in the manuscripts. Also, more importantly, duration of 
time in these treatments when pollen grains are exposed 
to acids and ultrasonic baths are not given thus the degree 
of chemical and mechanical abrasion is not known.
Lastly the problem of pollen scarcity must be men­
tioned. Even though a consistent sample size of sediment 
for processing was adhered to, it is obvious that some 
samples contained more pollen grains than others. Ideally, 
for statistical purposes this should have been less 
pronounced than it is. The amount of pollen grains recov­
ered from even the better samples was far less than that 
expected. Two possible reasons for this immediately come 
to mind. The first, that of destruction during the ex­
traction process, I believe can be ruled out because of the 
following facts: 1) the grains recovered which are whole 
do not show signs of deformation; on the contrary morpho­
logical features such as granulation, pores and apertures 
are quite distinct and identifiable, and 2) the pollen 
count in general is sparse with far less of each species 
being present than expected. If chemical effects were to
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blame then why would selected members of the same species 
be totally destroyed thus reducing the count while others 
are untouched? Keeping the above in mind we can theoret­
ically assume that some pollens which .are not acid- 
resistant such as Populus probably were destroyed as they 
always are, but of the acid-resistant pollens the low- 
frequency of occurrence and occasional disintegration of 
the same species and different genera is due probably 
to processes at work during deposition rather than during 
extraction.
If this second case is indeed true then the natural 
processes which could account for the poor.preservation 
of pollen grains will greatly aid in the reconstruction 
of the environments of deposition. According to Faegri 
and Iversen (196̂ -) pollen grains may be scarce in certain 
deposits due to 1) very rapid accumulation of the deposit 
thereby making the "normal" pollen rain highly diluted 
within the sediments, 2) destruction of pollen grains 
by aeration during the depositional-fossilization period 
and/or J>) low pollen production by the vegetation in the 
vicinity of the deposit.
Associated with this idea is that of scarcity of 
types of plants found in collections but not all types 
of plants. As pointed out earlier, gymnosperms basically 
are wind pollinated while angiosperms are pollinated in 
a more restricted sense. Therefore in a "normal" pollen
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rain in an area consisting equally of both gymnosperms 
and angiosperms, one would expect to collect a higher 
percentage of gymnosperm pollen than angiosperm pollen.
I believe this should be considered with point 3 above 
since in my collections gymnosperm. varieties usually 
outnumber angiosperm varieties. In a later section of this 
paper, these environmental effects to pollen concentration 
will be examined further.
Control for this project was carried out by two 
distinct methods. Since all samples were "fresh" and 
were dug out, contamination from surface plants would be 
expected to be small. Based on this assumption only 
vegetation which could contaminate the sample during 
extraction and bagging in the immediate area were con­
sidered to be Important. To alleviate this potential 
problem during identification of fossil pollen grains;
1) the local vegetational types were noted for future 
comparative study and 2) a surface soil sample was taken 
at each location and processed. The extracted pollen 
grains were then compared to those listed for the modern 
locality and to those of suspected fossil origin. In 
this way a fairly tight control was kept and it is fext 
that contamination was kept to a minimum.
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CRYSTAL PEAK
History, Development and Coal Analysis 
In 186-ff lignite was discovered in lacustrine and 
fluviatile sediments in Washoe County, if.8 kilometers 
to the northeast of Verdi and 3.2 kilometers to the north 
of the old Central Pacific railroad in sec.8 and 9,1.19 N., 
R.18 E. (Browne, 1868, Horton, 196^). During the following 
80 years there was sporadic interest in exploration for 
commercial-grade coal in the area. Numerous individuals 
and small mining companies excavated cuts, drove adits, 
sunk shafts and drilled (artesian boring) to depths of 
over 90 meters. According to Browne, seams of lignite 
were located by drilling. This operation was followed by 
the sinking of shafts which were equipped with steam 
machinery for pumping and hoisting duties. All of these 
shafts and adits today are collapsed at or near the surface.
In 1921 the lignite deposits were drilled, and three 
zones of lignite and poor-grade bituminous coal were 
discovered. Down the hole at 3 meters a if.6 meter zone of 
lignite was encountered followed at 9»1 meters by a 3*2 
meter zone of low-grade bituminous coal. At 16.3 meters 
a second zone of bituminous coal was recorded which extended 
downward for 11 meters. At this time only the upper 
bituminous coal zone was sampled, via a shallow shaft,
The coal was shown to consist of 27 percentand analyzed.
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volatile matter, 20 percent ash and a fixed carbon per­
centage of 52 percent (Bonham, 1969)*
In the middle years of World War -I"I, the Nevada 
Coal Company inspected and sampled their Crystal Peak 
prospects in order to determine their strategic importance 
in the war effort. The lignites were analyzed at this 
time (Horton, 1964). Two samples were tested by the 
State Analytical Laboratory under the supervision of 
William I. Smyth; one of which was relatively fresh and 
unweathered (Croxdale sample), and the other which had been, 
for several years, exposed to sun and air (Norcross sample). 
The Croxdale sample showed a moisture content of 27.1 
percent, a volatile material content of 29 percent, an 
ash content of 20.6 percent and a fixed carbon content of 
23.3 percent. The Norcross sample, on the other hand, 
showed a lower moisture content of 12.8 percent, a higher 
volatile material content of 38.4 percent, a higher ash 
content of 23.6 percent and a higher fixed carbon content 
of 23.2 percent (Overton, 1947).
According to numerous sources, the Crystal Peak 
deposits were never productive and are not of economic 
interest today. The coal’s extent and thickness is too 
sporadic and meager to repay development costs and the 
quality of coal is very marginal, as is discussed in 
another section of this paper.
In August, 1907, the first oil drilling exploration
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in Nevada was reputedly to have begun near the Reno area 
in the SE£sec.21,T.19 N.,R.19 E. on the bluffs to the 
south of the Truckee River. This well, the Washoe Oil 
and Development Company Well No. 1, was spudded at an 
elevation of 1493.5 meters and reached a total depth of 
576 meters in Pliocene-Pleistocene lacustrine and fluviatile 
sediments with only minor shows of gas and oil. The 
driller's log is shown in Appendix I (Lints, 1957). In 
1908, another attempt to locate petroleum proved unsuc­
cessful at the Crystal Peak site, however one exact 
location of the drilling is unknown (Lincoln, 1923).
Climate and Vegetation
The Crystal Peak location lies in a zone of subhumid 
continental climate with mild to warm summers and cold 
winters. Temperatures during the summer usually range 
between 10 and 21 degrees Celsius although highs in the 
range of 32 to 38 degrees Celsius can occur occasionally. 
Winter temperatures range below freezing from -12 to -1 
degree Celsius with lows as far down as -28 degrees Celsius 
recorded (Axelrod, 1958, Houghton, 1975).
Precipitation ranges from 30.5 to 63*5 cra Per year 
and consists mostly of moderate snowfall during, ohe winter 
months. Precipitation in an average year will approximately 
equal water loss by the various forma of evaporation 
(Houghton, 1975).
According to Axelrod 0953), the Crystal Peak area 
lies in a zone of transition between the Sierran conifer 
forest and the foothill pinon-juniper woodland. Since 
much of this area, during the last century was disturbed 
by massive agricultural and lumbering projects it is 
difficult to tell today just how artificial and temporary 
this boundary is. In any event, at or near the site 
exist solitary trees of the pinon (Pinus raono-ohylla) and 
juniper (Juniperus utahensis) variety along with shrubs 
such as basin sage (Artemisia tridentata), rabbit brush 
(Chrysothamnns naussosus), antelope brush (Purshia 
tridentata), and horsebrush (Tetradymja glabrata). Minor- 
amounts of grasses also exist at the sire. Closer to tne 
river, and presumably existing at this location prior to 
man's intervention are such trees and shrubs as cottonwood 
(Populus fremontii), dogwood (Cornus californrpa), several 
species of willows (Co.lix sp.), curl—leai mahogany 
(Cer cocar pus ledifolius) , desert peach (Prunus ander^oni.i-v > 
the plateau gooseberry (Kibes velutxnum), and shadscale 
(Atriplex confertifolia) (Axelrod, 1953, Bonham, 1969)*
Physiography and Regional Geology 
The Crystal Peak location lies if*8 kilometers uo the 
northeast of Verdr, wevada, at an elevation o i approximca.oel^ 
1500 meters. To the south of the location is the broad 
Truckee River Valley, a structural depression which .is
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3.2 kilometers wide at this point. Beyond this valley 
lies the Carson Range, a spur of the Sierra Nevada, which 
reaches a height of 3030 meters. To trie wesi. Oi this 
locality lies a narrow structural valley and then the 
Crystal Peak Range which also is an outlying block of 
the Sierras. To the north and at the site Ires an area 
of dissected pediments which in turn abut against the 
foothills of Peavine Mountain. This mountain reaches an 
elevation of over 2500 meters. To the east of the site 
lies an 8-kilometer stretch of pediment plains and terraces 
which is cut by numerous deep ravines.
The seams of lignite are found in a series of coarse 
sandstone, diatomite and shale beds which are well exposed 
in two different ravines at the site. King (1b?b) orig­
inally referred to these beds as correlative to the 
Truckee Formation of the Kawsoh (Hot Springs) Mountains.
Axelrod, however, reinvestigated King’s Truckee 
Formation and redefined its stratigraphy and lithology. 
Based on this redefinition, Axelrod considered the sedi­
mentary and volcanic sequence near Verdi to be correlative 
with his Coal Valley Formation of southern Lyon County. 
Since that time Thompson and White (196*t) iiave chosen to 
retain the use of the Truckee Formation at Verdi while 
Rose (1969) re-adopted Axelrod’s Coal Valley Formation. 
Bonham (1969) also prefers to call these beds Coal Valley 
(Axelrod, 1958, Bonham, 1969). Since it is not the purpose
32
ox this paper to correlate this entire formation with 
another, and since it is the belief ox this author that 
various isolated or semi-isolated basins ox deposition 
were in existence during the middle and upper ±ertiary 
period of which the boundaries have not been adequately- 
investigated, the term "Verdi sequence" will be used when 
discussing these beds. This terminology does not mean 
to infer that the sediments at Verdi are not part of the 
Truckee or Coal Valley formations, its purpose is only 
for the ease in distinguishing this sequence from others 
of similar appearance which will be discussed separately.
The .Verdi sequence unconformabiy overlies the Kate 
Peak andesite, which locally lies on the Alta andesite, 
and is characterized by lavas, mud-flow oreccias, tuffs, 
tuff—breccias, and conglomerates. The lavas are geneially 
a dark gray with hornblende andesite oeing predominant, 
however composition may vary to include rhyolites and 
dacites (Bonham, 1969). Flows have been measured that are 
200 to 300 meters thick. The mud-flow breccias tend to oe 
thinner ranging from 3 to 18 meters thick and are light 
gray in color. The pyroclastic and conglomerate units 
also are light gray and have thicknesses of 1 to 9 meters. 
Both of these latter sequences form pinnacle-type outcrops 
to the west of Verdi in the Truckee River canyon (Axelrod,
1938).
According to Axelrod (1938) a 0.6 to 3 meter thick
section of rsgol.ith.ic soil is present below tne \7erd.i 
sequence where it is observed, to rest upon the Kate Peak 
andesite. Commonly this old-soil layer has a dark brown 
appearance, but locally a light cream color may be rec­
ognized.
A dark sandstone and conglomerate unit, the lowest 
member of the Verdi sequence, rests on the regolitnic 
layer. The unit is dark brown to gray in color and poorly 
indurate with well-rounded clasts mainly of Kate Peak 
andesite and Alta andesite. Occasionally in the Truckee 
canyon small local mudflow breccias are found. Mostly
these breccias consist of 30 to' 01 cm blocks of Kate Peak 
andesite in a matrix of Alta andesite debris (Axelrod, 1958).
Over a considerably large area a series of basalt 
flows overlie the sandstone and conglomerate units.
Axelrod (1958) recognized three augite-olivine basalt 
flows; the lowermost, a massive, black basalt exhibits 
columnar jointing, a thin middle flow rests on a pumiceous- 
tuff bed which rests on the lower flow, and the uppex 
basalt flow is of reddish color and rests on a tuffaceous 
sand lens and exhibits flow jointing. These flows m
total range in thickness from 3 122 meters.
Above the basalt flows lies the upper portion Ox the 
Verdi sequence of light colored conglomerates, sandstones, 
shales, lignites and diatomites. Much of the peoble 
conglomerates and coarse sandstones is derived from altered
3**
and bleached volcanics. These sediments exhibit abrupt 
thickening and thinning of beds. Many of the sandstones 
exhibit textures indicative of rapid deposition such as 
crossbedding, scour and fill, lenticularity, graded bedding, 
and numerous discontinuities. The sediments in this 
sequence are generally poorly indurate, gritty, coarse, 
and multicolored. There is also some indication of old 
soils interbedded with the sediments and also a few 
andesitic tuffs (Axelrod, 1958).
As one proceeds higher in this sequence the sediments 
become finer, lighter in color and are typically fluvio- 
lacustrine in origin in contrast to the coarser flood- 
plain character of the lower sediments. Thin lenses 
and beds of diatomite are abundant and constitute the 
predominant rock. type. Locally these ciiatomioe bedo are 
tuffaceous and are associated with pumiceous rnyolitic 
tuffs. Minor blue-gray andesitic sandy shales, pebble 
conglomerates of yellow-brown to orange color, fine—graineo. 
crossbedded sandstone, and silty-lignite fill in the rest 
of the section. This upper sequence, according to Axelrod 
(1958) is approximately 152 meters thick at a location 
slightly east of the collection site.
Overlying the Verdi sequence is a series of basalts 
and alluvial-lacustrine and fluvio-glacial deposxts of 
probable upper Tertiary and lower Quaternary age. ihe 
basalts are dark gray to black in color and weather oo
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red. Lindgren (1897) and Gianella (1936) correlated this 
series of Hows to those oi the Lousetown Formation whicn 
is an andesite-basalt unit. The alluvial deposits are 
comprised of debris from the Kate Peak and Alta andesites 
and likewise gravities from the Sierran batholith (Axelroci, 
1998, Bonham, 1969)*
King (1878) was the first to ascribe a Pliocene age 
to the sedimentary rocks at Verdi, because at this time 
he considered this sequence to be part of the Truckee 
Formation. Chaney (Axelrod, 1958) was probably the first 
to specifically identify the Verdi beds as Pliocene from 
fossil floral evidence. Others such as Andeison and 
Knowlton made collections at Verdi, however moso of their 
samples were misplaced at their universities or not 
sufficiently labeled to be of any use. From Axelrod's 
collection of fossil leaves he acknowledges an age range 
from middle Miocene to late Pliocene, however Pliocene 
species are predominant.
Site Lithology
Lignite beds at Crystal Peak are located in the 
upper half of the Verdi sequence in a series of con­
glomerates, sandstones, shales and diatomiteo (P_i.aoe 1). 
The lignite beds are best exposed in two ravines in sec.9, 
T.19 N.,R.18 E. The lignites were sampled and measured 
in the eastern-most ravine located in the SWiIffii-sec.9
iULLLil'UL"
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approximately 305 meters north of the Southern Pacific 
pipeline. A measured section is presented in Appendix, xl.
It should be noted that in all cases the lignites 
contain much vegetal material which is still recognizable 
but not distinctive enough to identify. Also, the lignite 
beds contain numerous lenses of sand and siltstone.
Thus laterally the character of the beds changes quickly. 
Also there is some evidence of a low-angle reverse xault. 
within this section (Plate 2). The field evidence places 
lignitic samples V-9 and V— 12 adjacent co ea.cn other 
across the fault, and their characters are subtly dis­
tinctive. On the hanging wall of the fault a 2 cm parting 
of tuff is associated with the lignite while on the foot 
wall of the fault a 3 mm parting of sandstone cuts the 
lignite. The exposure is very poor however, and the 
fault is lost lower in the section. The rest of the 
section appears conformable.
Palynology
Sample number V-,9 and V-22c were analyzed for pollen 
content since they represented the extreme end-memoers Ox 
the lignite sequence investigated. Sample numoer V— .9 
is found at the base of the unit while number V~2.dc is 
found at the top. Tne total Crystal Peak collection 
includes 1? different species of flora which indicate
two distinct environments.
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Floral List of Species - Sample No. V-.9
Abies (?) grandis (Douglas) Lindley 
Abies (?) magnifica Murry 
Abies concolorides Brown 
Pinus attenuata Lemmon 
Pinus (?) monticola Douglas 
Pinus jeffreyi Greville and Balfour 
Pseudotsuga (?) sonomensis Dorf 
Salix (?) sp.
Ceanothus cordulatus Kellogg 
Acer (?) sp.Castanopsis (?) chrysophylla (Douglas) A. DeCandolle
The above eleven floral species in sample V-.9 rep'
resent a forest community made up of trees and shruos
similar to present-day communities on the east and west
st_(Jqs of the Sierra Nevada and on the Coastal Ranges 
along the Pacific coast. The fossil species of red and 
white firs (Abies magnifica and A. concolorio.es), the 
knobcone, western white, and Jeffrey pines (riniua at_ten^a^a , 
P. monticola, P. jeffreyi) and the Douglas xir (f^ejAa^tjniga
sonomensis) all find representatives today in the Sierra 
pine forest and in the lower elevation yellow pine forest 
commonly found in southern California. Ouher trees xound 
associated with these evergreens in both the Sierran 
forest and in the Crystal Peak collection are the willows 
(Salix sp.), the giant chinquapin (Castanopsis chrysophylla) 
and associated with deep protected canyons, the maple 
(Acer sp.). The only shrub found in the Crystal Peak 
collection at this horizon was the buckbrush (Ceano..thus 
cordulatus) which is also commonly xound associated with
the Sierran forest. Only one type of fir was found
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distinctly representing the coastal forest community, 
namely the species Abies grandis. This lone species is 
of importance in reconstructing the environment however, 
due to its abundant numbers within the Crystal Peak 
collection.
Floral List of Species - Sample No. V-22c
Pinus jeffreyi Greville and Balfour 
Pinus (?) florissonti Lesquerex 
Pseudotsuga (?) sonomensis Dorf 
Populus sp.Cercocarpus (?) betuloides Nuttall 
Ceanothus cordulatus Kellogg 
Acer(?) sp.
Juglans sp.
Cornus (?) nuttallii Audubon 
Ephedra (?) nevadensis Watson
This list of ten species from the upper horizon of 
the Crystal Peak sequence represents a different community 
of trees and shrubs than that of the lower horizon.
Most of the species found in the collection have modern 
living representatives from the woodland community founci 
on the west side of the Sierra Nevadas. This community 
ranges from the lower yellow pine forests of the Sierras 
to the foothill woodlands and chaparrel country in central 
California. A few conifers such as the Jeffrey, ponderosa 
(Pinus ,j e f fr eyi, P. f lor is s anti) and the Douglas fir 
(Pseudotsuga sonomensis) are found in the Crystal Peak 
collection. These species best represent the Sierran 
forest community but are also minor members of the lower 
elevation yellow pine forest in California. Also sucn
trees and shrubs found in the collection as maple (Acer sp., 
pacific dogwood (Cornus nuttallii) and buckbrush (Ceanotnus 
cnrdulatus) range in areal distribution from the Sierran 
forest to the lower boundaries of tne yellow pine forest.
The typical woodland and chaparrel varieties of trees and 
shrubs found in the upper horizon of the Crystal Peak 
collection include: walnut trees (Jugtans; sp. ), cotton­
wood and aspen trees (Populus sp.), mountain mahogany 
(Cercocarpus betuloides) and Mexican tea (hphedra viridts>. 
As will be discussed further in a later section, there 
appears to be a trend from a forest environment at Crystal 
Peak, as indicated by the lower collection of pollen, to 
an environment typified by a woodland-chaparrel community, 
as indicated by the upper pollen collection.
TICK CANYON
History, Development and Coal Analysis 
Charcoal-like carbonaceous material occurs on the 
west side of Dogskin Mountain which lies approximately 
if8 kilometers north of Reno, Nevada, in sec.32,T.24 N.,
R.19 E. These organic beds were discovered during Explo­
ration for uranium in the Dogskin Mountain area during 
the 1930's. Uranium minerals occur in fault gouge material 
and to a minor extent in these bands of charred organic 
material (Garside, 1973). A shaft was sunk along a fault 
zone for exploratory purposes and seems abandoned at this 
date. No production is recorded from this shaft or the
surrounding organic beds.
A check for radiation within these charcoal-beds
revealed a background reading of 0.015 mR/hr while that 
in the seams was 0.03 mR/hr. The highest readings were 
obtained from the fault gouge material - 0.5 mR/hr.
Climate and Vegetation
The Tick Canyon location which lies on the west 
slopes of Dogskin Mountain experiences a mid-latitude 
steppe climatic regime. Within this regime there is a 
general yearly moisture deficit, winters are apt to be 
cold and summers, very hot. During the winter temperature*3 
range from -7 to k degrees Celsius with occasional lows 
down to -20 degrees Celsius. Summer temperatures tend to
range between 18 and 2? degrees Celsius with extremes
occasionally reaching HI degrees Celsius (Houghton, 1975)*
precipitation in the Tick Canyon area ranges between 
15„2 and 38.1 cm per year which is mostly attributable
to a light to moderate snowfall during the winter months
(Houghton, 1975)*
The 'western slopes of Dogskin Mountain lie in a 
transition zone between a pinon—juniper woodland and 
scrub-steppe lands. Fair stands of juniper (Juniperus 
utahensis) and pinon trees (Pinus monophylla) exist as 
do scattered cottonwood trees (Populus 1 remoni.ii) along 
washes. Shrubs in the vicinity include basin sage 
(Artemisia tridentata), rabbit brush (Ciu^^thamnus 
nauseosus) and antelope brush (Pwushnua *
Numerous grasses and small, wild flowers provide a patchy
ground cover (Bonham, 1969)*
Physiography and Regional Geology 
The Tick Canyon location lies at an elevation of 
1600 meters on the west slope of Dogskin Mountain, north 
of Reno. This area is one of typical Basin and Range 
topography with Dogskin Mountain being a relatively shoru 
range which trends in a northwesterly direction, major 
northwest-trending faults truncate the range on the nortn 
and south. To the west of the site lies Bedell Flat, a 
structural low which is bounded on the west by Granite Peak 
which is another fault-block range similar to Dogskin
Mountain. To the north lies foothills associated with 
Dogskin Mountain and the southernmost end of Dry Valley. 
To the south lies the southern end of Bedell Flat and two 
more small northwest-trending mountain ranges, Freds
Mountain and Warm Springs Mountain.
Rocks in the Tick Canyon area are considered part of 
the Hartford Hill Assemblage which extends over a large 
area of southern Washoe County. In the southern portion 
of Dogskin Mountain to the south of the site the Hartford 
Hill rhyolite lies unconformably over granites of Mesozoic 
age. At many places along this contact lenses of lignitic 
and carbonaceous sandstones and shales can be found along 
with minor air-fall tuffs (Bonham, 1969). Tick Canyon 
cuts into the Hartford Hill rhyolite well up in the section 
and nowhere is its lower contact exposed. Locally light 
colored welded ash-flow tuffs ranging from rhyolite to 
quartz latite in composition are present surrounding the 
carbonaceous beds sampled. Many of tnese tu^fs have been 
altered to clays in this area as has been the more massive 
darker colored rhyolite present above and below the tuffs. 
Locally minor stream-derived alluvial deposits (peoble 
conglomerate and sandstone) composed of rhyolitic deo^io 
and volcanic breccias are present.
Bonham (1969) reports that Evernden and James did 
three.K-Ar age-date determinations on the rhyolite and 
tuffs. The results spam from 22.7 to 22.8 m.y. whrch would
indicate an age of lowermost Miocene or uppermost Oligocene 
for the Hartford Hill rhyolite.
Site Lithology
At the Tick Canyon site three thin beds of organic 
material were located interbedded with semi-welded rhyolitic 
tuffs. Sampling and section measurements were carried 
out on the east wall of the canyon approximately 6 meters 
downstream of the incline which is located on the west 
wall of the canyon. A measured section is presented in 
Appendix III.
Samples were all taken along a poorly exposed section 
of the canyon wall with both the top and base of the 
section in alluvium. The lenses of charred organic mate­
rial, in local tuffs, reached a maximum thickness of 0.1 
meter thick along a length ranging between 1.2 to 2.if 
meters. C-arside (1973) is of the opinion that the charred 
organics were the remains of plants and orees burned in 
an oxygen—poor environment as a result oi volcanic activity.
Palynology
Sample No. D-01 was analyzed for pollen content.
This charcoal seam was the uppermost of three present in 
the exposure and was visually of the best quality. Pour 
suedes of plants were recovered from this unit indicating 
a lower yellow pine forest-type regime.
Floral List of Species
Abies sp.
Pinus sp.
Ceanothus cordulatus Kellogg 
Pterocarya (?) sp. Owens
Living species ox trees and. shrubs similar to these 
are found on the lower elevations of the western slopes 
of the Sierra Nevada. Similar plant communities also can 
be found in the Transverse Ranges and in the San Bernardino 
Mountains in southern California.
In the Tick Canyon collection unidentifiable species 
of fir (Abies sp.) and pine (Pinus sp.) are present.
The only other tree present is a lingnut (Pterocarya sp. 
Owens). This tree is more commonly found associated with, 
woodland species than Sierran species, but it io commonly 
found overlapping into protected environments within the 
latter. The buckbrush (Ceanothus cordulatus) is the onl\ 
variety of shrub found in this collection. Thus for the 
moment, from just the floral associations alone, the Tick 
Canyon area seems to have been the sioe o± a marginal 
forest area which in the near vicinity gave way to a 
woodland landscape.
ELKO
History, Development and Coal Analysis
Lignite is present in Tertiary lacustrine oeds at 
the Catlin oil shale properties approximately if. 8 kilo­
meters southeast of Elko, Nevada, in sec. 2 ./, i »pif ho,R.55 j;j<‘ 
Lignite is found in conjunction with thick sequences of 
oil shale which have drawn attention since the early 
1900*s. Extensive attempts at drilling for oil and exca­
vation of cuts and inclines have occurred sporadically 
to date.
Attempts by the U. S. Bureau of Mines, the oouuhern 
Pacific Railroad, and the Catlin Shale and Products 
Company to process the shale oil (Engineering and Mining 
Journal, 1.920, Horton, 1962) have been made and two exper­
imental processing plants were built. At tins time these 
are no longer standing and interest in the shales has 
waned. The lignite present in this area never received 
much attention and was never exploited due to ins low 
quality and erratic thicknesses.
Climate and Vegetation
The Elko area lies in a semi-arid mid-latitude steppe 
climatic regime in which there is a moisture de.Li.ciu, 
Summers are hot and winters are cold with most of the 
meager rain and snowfall being in the winter and spring 
seasons (Houghton, 1979)-
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Temperatures range from 18 to 27 degrees Celsius 
during the summer and -7 to 4 degrees Celsius during the 
winter. Summertime extremes may exceed 43 degrees Celsius 
occasionally as can winter lows reach -23 degrees Celsius
(Houghton, 1975).
Rainfall and snowfall are moderate to light in this 
area and range from 1 5 0  to 38.1 cm a year (Houghton,
1975).
Elko lies in a high desert steppe which is character­
ized by a dense growth of grasses, sagebrushes and scrub 
variety of plants. These include basin sage (Artemisia 
tridentata), rabbit brush (Chrysothamnus nauseosus), 
antelope brush (Purshia tridentata) and shadscale (Atri^lex 
confertifolia). Only on protected hillsides and in washes 
does one find dwarf pinon (Pin us mono phy11a), and juniper 
(Juniperus utahensis) trees, and mountain mahogany (Cer~ 
cocarpus sp.) (White, 1971 > Houghton, 1975). Occasionally 
a prickly—pear cactus may be iound among the sageorush*
Physiography and Regional Geology 
The Elko location lies approximately 4*8 kilometers 
southeast of Elko on the old Catlin oil snale property at 
an elevation of 1564 meters. The site is located in a
narrow north-south trending 
complexly cut by faulting.
structural valley which is 
To the west lies a low range ox
hills called Hot Springs Ridge, 
tilted fault block of Paleozoic
This ridge is an eastward 
rock. To the north lies
4?
the wide floodplain, of the Humboldt Biver and the town 
of Elko. To the east and to the south lies a series of 
low, faulted ranges and deep ravines called the Elko 
Hills. These hills, in near proximity to the site, 
achieve an elevation of 19?1 meters and form a belt, to 
the east, approximately 8 kilometers wide (Plate 3).
King (1878) during the 40th Parallel Survey designated 
the sedimentary laketoed deposits found in the vicinity of 
Elko, the Humboldt Formation. King visualized that all 
these sediments were deposited in one large lake during 
Pliocene time, which covered northern Nevada and north­
western Utah. This lake however did contain a complex 
system of archipelagos formed of the mountain ranges of 
Paleozoic rock which divided the deposition into numerous
coeval facies.
Winchester (1923) investigated the oil shales. He 
tentatively and ’with reservations correlated the nlko 
deposits with the Green Biver Jroraation in Wyoming, Utah
and Colorado. By so doing he reclassified the units as 
Eocene in age. He recognised and briefly described the 
conglomerates, fanglomerates, rhyolitic tuffs, asn beds, 
rhyolite flows, sandstones, siltstones, mudstones, shales, 
limy shales, oil shales, lignites, diatomces, ana lime­
stones ore sent in the general area. Aside j.rom unis, his 
main purpose was to give results on distillation tests
performed upon the oil shale.
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Sharp (1939) measured a type section of the Humboldt 
Formation at Huntington Creek near Twin Bridges. He 
recognized three members resting uncomformably on pre- 
Tertiary rocks. A lower member of approximately 240 to 
300 meters consists of fresh-water limestone, shale, 
sandstone, oilshale and conglomerate. The middle member 
is approximately 400 meters thicn and contains at>h and 
rhyolitic tuff beds. The upper member is 1100 meters 
thick and consists of shales, mudstone, fine conglomerates, 
siltstones and sandstones. Sharp recognized these beds 
to represent a shifting fluvio-lacustrine environment 
over this area during Miocene-Pliocene times.
Most recently Smith and Ketner (1976) looked at the 
so-called Humboldt Formation in the Carlin-Pinon Range. 
Based upon the ages of vertebrate and invertebrate fossils 
found at the localities, K-Ar ages, detailed mapping m  
one area, and the works of Regnier (1960), Van Houten 
0956), and Sharp (1939), the Humboldt Formation was 
restricted. The redefined Humboldt Formation includes 
only Sharp’s middle member and the lower part of his 
upper member. Sharp’s lower member was redesignated to 
be the Elko Formation while the upper-most units may be 
correlative with the Hay Ranch Formation of Regnier (1960).
Fossil evidence, according to I. G. Sohn and Jacm A. 
Wolfe is questionable due to the poorly preserved condition 
of invertebrates (snails and ostrocods) and the multitude
of new floral species found versus the lack of known ones, 
but generally it indicates an Eocene-Oligocene age for 
the Elko Formation. A K-Ar age on the oldest tuff in the 
formation indicated an age of 38.6 t 1.2 m.y. or an upper 
Eocene age. In the Humboldt Formation (restricted) work 
on fossils by Edward Lewis indicated an upper Miocene age. 
I. G. Sohn indicated a mid-Pliocene age for the section 
while a K-Ar age prepared on a tuff by Charles W. Naeser 
indicated an age of 9.3 ± 1*9 m.y. or upper Miocene.
A middle Pliocene to lower Pleistocene age is given for 
the Hay Ranch Formation based on vertebrate fossils 
examined by Regnier. Edward Lewis examined a collection 
of bone fragments, probably of Equus, and felt that the age 
could be no older than Pleistocene. A zircon fission- 
track age of 1.9 i 0.1 m.y. was derived on the lowest 
ash bed in the unit putting it at the Pliocene-Pleistocene
boundary.
A section of the lower and middle Tertiary uni^s 
was measured in sec.22,23j24.,27>T.3A N.> R» 55 and is 
presented in Appendix IV. Both the base and top of the 
section are in alluvium, and contacts within the section 
are scarce. Overall, outcrops are only fair on scarp 
faces and are very poor to non-existent in the valley 
areas and on the sloped hillsides. Faulting would seem 
extensive in the area but is ,'difiicult to pro/e due to 
poor exposures. Most faults may be in.fera.ed oy topograph}
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and off-set of float material (as distinguished by color). 
The area is so broken up by faulting and erosion, that 
a complete section with all contacts exposed was. not 
found and some contacts could only be inferred. Thus 
the total thickness of this formation in this area may 
be a minimal one. Also this formation seems to thicken 
toward the north. In any case, each of the above units 
is locally quite variable in thickness. The section 
begins in SE£sec.27 and proceeds north and east to 
SEi-sec.2if.
Site Lithology
At the Elko site two small seams of lignite were 
found interbedded with the oil-shale beds (Plates i+, 5). 
Sampling and section measurements were undertaken in an 
exploration cut in SE/jr, ,sec.23»T *3^ N.,R.55 The
section is presented in Appendix V. This section was 
measured in an area of poor exposures where only few 
outcrops break through the thick alluvium cover, thus 
the rocks exposed in the exploration-road cut represented 
the best exposures.
Palyuoiogy
The two lignite seams within the project area, sample 
numbers E~l8 and E-22, were analysed for pollen content. 
The lower bed, E— 18, contained only two floxal species 
both basically so deformed and fragmented so as to make
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them useless except for general identification. The upper 
lignite seam, E-22, contained at least six unique species 
with three other species of questionable origin. In 
this situation the control methods show conflicting 
information thus leaving two species of pine and one of 
birch in a questionable position where interpretations 
are concerned.
Floral List of Species
Abies sp.
Pinus sp.
Pinus lambertiana Douglas (questionable origin)
Pinus attenuata Lemmon (questionable origin.)
Pseudotsuga (?) sonoaensis Dorf
Tsuga (?) mertensiana (Bongard) Carriere
Ephedra (?) nevadensis Watson
Juglans (?) californica Watson
Betula (?) sp. (questionable origin)
Cornus (?) sp.
Cornus (?) californica C. A. Mey
The species from the upper horizon. (E-22) represent 
two different communities, those of the Sierra pine-coastal 
forest and those of the woodland-yellow pine forest.
A species of fir (Abies sp.), various pines such as 
the sugar and the knobcone pine (Finns lamb'er_fciana, P» 
attenuata), the Douglas fir (Pseudotsuga sonoaensis), 
mountain hemlock (Tsuga mertensiaria) and the dogwood 
(Cornus sp., C. californica) represent trees associated 
with the Sierra pine and coastal forest. Trees associated 
with the woodland and yellow pine forests which were lound 
in the Elko collection are the birch (Betula sp.) and the 
walnut (Juglans californica). The only shrub associated
5 2
with these trees in the collection was Mexican tea 
(Ephedra viridis). Even though it seems that two 
distinct floral groups are present this may not be tne 
case. Each of these species nas a wide range of distri­
bution and in nature overlap considerably. Thus we may 
have a situation of a marginal forest interfingering with 




History, Development and Coal Analysis 
Coal was discovered in the lacustrine sediments of 
Coal Valley prior to 1919 in sec.36,T.8 N.,H.27 E., which 
is approximately 56 kilometers south of Yerington, Nevada,
IfO kilometers north of Aurora, Nevada, and is located on 
the western foothills of the Wassuk mountains.
In 1919 the Coal Valley property was controlled by 
the Nevada Coal and Oil Company. The lignite deposits 
were worked from one incline shaft 122 meters long (Plate 
6) and two adits, one being 2 13 meters long and the other- 
27-1 meters in length driven along the strike of the coal 
seam (Stoddard and Carpenter, 1950, Moore, 1969). No 
production figures are recorded, however Lincoln (1923) 
states lignite from the mine was used locally where ics 
high ash content could be tolerated.
In 1920 the Nevada Coal and Oil Company drilled for 
oil on the property without any success (Lincoln, 1923).
The hole was located in either sec.36,T.8 N., n.27 E. or 
in sec. 1 ,T.7 N., R.2? E. There is no record of the hole's 
depth or the geology it encountered (Lincoln, 1923, booddard
and Carpenter, 1950, Lintz, 1957)*
In an abandoned building near the incline, is a sign 
upon which the name Mattinson Extension Coal and Oil 
Company is printed. When, if this company controlled
the Coal Valley coal beds is unknown. Stoddard and
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Carpenter in 1950 state that the mines were the property 
of Harry 0. Lewis of Yerington, Nevada.
Stoddard and Carpenter (1950) report an analysis of 
an air-dried sample of coal. According to them the coal 
contains 15 zo 25 percent moisture, 15 to 40 percent fixed 
carbon, 24 to 30 percent volatile material, 16 to 44 
percent ash and 3 to 5 percent sulphur. An analysis was 
also made on a piece of fresh coal from the area giving 
the following results: 14 percent moisture, 40 percent 
fixed carbon, 30 percent volatile material and 16 percent 
ash (Horton, 1964)*
•The Coal Valley field was never highly productive 
due to its low rank of coal with a high ash content, its 
distance from and its lack of a large market. Most prob­
ably this last fact is most important in that its exploi­
tation began well after the area*s raining camps and towns 
had closed and there was no need for the coal any longer 
in west-central Nevada.
Climate and Vegetation
The Coal Valley area lies in a subhumid continental 
to mid-latitude steppe environment with the latter being 
more pronounced. The region experience^ a slight vate.. 
deficit during "normal” years in which rain and snowfall 
occur mainly in the winter and spring, frec.i.pitai.ion 
during these times is light to moderate and ranges from 
20 to 40 cm per year (Houghton, 1975)•
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Temperatures range from cold lows of -12 to i+ degrees 
Celsius in the winter months. During the summer temper­
atures are cool ranging from 10 to 2? degrees Celsius 
(Houghton, 1975).
Vegetation is limited at Coal Valley to a scrub wood­
land and grassland environment. On protected slopes 
dwarf pinon (Pinus monophy1 1 a) and juniper (Juniperus 
utahensis) trees grow abundantly. Providing ground cover 
in these areas are basin sage (Artemisia tridentata), 
rabbit brush (Chrysothannus nauseosus), antelope brush 
(Purshia tridentata), Mexican tea (Ephedra vlridis), 
gooseberry (Kibes velutinua), desert peach (Prunus 
andersonii), rose (Rosa fendleri. R. puberulenta), snow- 
berry (S.vmphoricarpos. oreophilus) and desert sage (Salvia 
carnosa). ' In the numerous ravines and stream gullies 
various trees such as cottonwoods (Populus fremontii) 
and occasionally willows (Salix caudata, S. exigua and S. 
lasiolepis) grow. Rarely in this area one finds birch 
trees (Betula fontinalis) and aspen (Populus tremuloid.es). 
Low shrubs in this area include silverberry (Elgeagnus 
ar yentea) and serviceberry (Arnelanchier utahensis). 
Shadscale (Atrinlex confertifolia), budsage (Acr^iplex 
spinescens), dalea (Dalea polyadema) > salt- grass 
(Distichlis stricta), winter fat (Eurotia .Ignata), ana 
greasewood (Sarcobat us vermiculat us) cover the lower 
local desert environment (Axelrod, 1956, Houghton, 1975)*
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A couple of cactus varieties also can be found along tne 
drier and rockier ridges.
Physiography and Regional Geology
Coal Valley lies at an elevation of 1630 meters in 
a transitional area between tne Sierra Nevada Province on 
the west, and the Basin and Range Province on the east.
Coal Valley is a flat-topped structural basin, typical of 
Basin and Range topography, which trends north-south.
To the east rises the Wassuk Range which-also trends 
north-south and reaches elevations of 3350 meters adjacent 
to the Coal Valley site. To the west lies the East Walker 
River and then the Pine Grove hills. This range roughly 
trends nortnwest-southeast and reacnes elevations of over 
2900 meters in its southern portions. To the south lies 
a narrow, low pass at Aldrich Station which connects the 
Coal Valley area with the Aurora Crater area. To the 
north of the site lies a low range of hills through which 
the East Walker River has cut a canyon connecting the area 
with Mason Valley.
King (1878) originally designated the sedimentary 
rocks in the Coal Valley area as being part of the Truckee 
Group. Berry in his paper in 1927 reinterpreted these 
rocks as part of Turner's Esmeralda Formation. Axel.i oq 
(1956) points out that Berry's claims are untenable since 
Berry neither mapped nor measured sections in either forma­
tion. Based on floral evidence, Axelrod (though incorrectly)
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indicated that the Coal Valley Formation is older than the 
Esmeralda Formation. In his investigations ne found evidence 
of three local formations, together constituting a thickness 
of approximately 2500 meters. The lower-most formation is 
the Aldricn Station Formation Which is 12.50 meters thick.
This formation is fluvio-lacustrine in origin and principal­
ly consists of snales, both diatomaceous and siliceous, sand­
stones, volcanic conglomerates and siltstones. This unit 
unconformably overlies andesites and granodiorites asso­
ciated with the Wassuk Range (Axelrod, 1956).
Overlying the Aldrich Station Formation is the Coal 
Valley Formation which is approximately 1015 meters thick. 
This is also a fluvio-lacustrine deposit only slightly 
coarser in texture than the Aldrich Station Formation. The 
Coal Valley Formation contains sandstones, claystones, silt- 
stones, sedimentary breccias and conglomerates. Interbedded 
andesite breccias and agglomerates of probable Kate Peak 
material and andesitic tuffs of probable Sierran origin are
also present (Axelrod, 1956).
Overlying the Coal Valley Formation in most probably
a conformable manner is the Wichman-Morgan Ranch formation. 
The total thickness of this unit and the exacu association 
of the Wichman to the Morgan Ranch Formation is uncertain, 
however tne unit has been measured to be at least c. 15 
meters thick. The Wichman Formation consists of a fluvio- 
lacustrine deposit which is poorly indurated and poorly 
bedded. It contains pumiceous claystones, mudstone which
Is often diatomaceous, conglomerates, minor, sandstones and 
rhyolite tuffs. The Morgan Ranch Formation is a coarse 
clastic unit containing f agglomerates, pumice beds, coarse 
sandstones and sedimentary breccias (Axelrod, 1996, I960).
The lignite beds of interest at the Lewis Mine are 
contained in the lowest unit of the Coal Valley Formation. 
An abbreviated form of Axelrod's (1996) section of the 
Coal Valley Formation can be found in Appendix VI.
There is a large fault along the western edge of the 
Wassuk Range that was active when these Tertiary sediments 
were deposited against it. Due to fault drag the sediments 
are broadly warped and progressively get finer toward the 
center of the basin. The basin area is also highly faulted 
as Is evidenced by numerous tilted blocks and offset and 
contorted beds.
As with most Tertiary sedimentary rocks in Nevada, 
these units were considered, based on King's AOoh Parallel 
Survey, part of the Truckee Formation and thus Miocene 
to Pliocene in age. Berry in 1927 investigated a loro, 
from this locality, mainly aquatic plants, and a collection 
of mammalian remains. In his opinion the lormation is 
Clarendonian or Hemphillian in age (late Miocene - early 
Pliocene). Axelrod (1996) investigated the Coal Valley 
site and made both floral and vertebrate fossil collections 
These collections indicate a Saratovian to Clarenaonian 
age (late Miocene) for the formation.
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Site Lithology
Two seams of lignite and coal were examined in the 
proximity of the Lewis Mine. Coal bed A was best exposed 
at the incline in NE-v,sec.36>T,3 N.,3,27 E. (Plate 7).
The bed shows minor warping and is extensively cut by 
faulting so that tracing a continuous bed over a large 
area is impossible. In general, at this locality, the' 
lignite and coal beds are dark brown to black, fissile, 
silty and contain numerous partings of sandstone and 
shale. They also contain secondary gypsum and sulphur
along bedding planes and fractures.
At the portal of the incline coal units can be traced 
for over 90 meters laterally in a fair to good exposure. 
They strike approximately N50°E with dips of 30°to A-0 N.
It is also evident that these beds plunge 5° to the north. 
The base of the exposure is in alluvium, however it is 
probable, from other' field, evidence tnat tnis alluvium 
covers a silty-sandy shale unit. Coal bed A is descended 
nn Appendix VII. Inside oi the incline the lignite—coal 
beds are wavy however their dips flatten out to witnin 10 
of horizontal and the quality of coal appears to improve 
with depth.
Lignite bed B overlies bed A by approximately 10 
meters at a location 0 .3 kilometers to the east, oi trie 
incline where bed A was measured. Bed B is approximately 
0 .2 meters thick, is of reddish brown color, is relatively
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free of partings, and is fissile and highly friable. The 
seam contains minor secondary gypsum and is in contact 
v/ith shaly sandstones both at its base and top. The 
lignite strikes N20°W and dips approximately 20°W while 
plunging 3° to 10° to the south. This seam illustrates 
some local broad warping and folding.
Mapping of lignite and coal bed outcrops was carried 
out in a reconnaissance fashion near the numerous inclines 
and exploration pits present in the area. Topographic 
maps at the scale of 1 : 1  J+000 were utilized as a basei
unon which the coal seam s were plotted. (See Figure 2*)
Palynology
Three coal horizons were analyzed at Coal Valley 
for pollen content. Two were members of coal bed A and 
represent the lower contact (L~02a), and the upper contact 
(L-03c). The third.horizon represents lignite bed B 
(L-01) which overlies coal bed A. Sixteen different 
species of flora were found. Sample L-*02a contained five 
species, sample L—03c contained ten species and sample 
L-01 contained four species.
Floral List of Species -♦ Sample No. L-02a
Abies (?) sp.
Pinus (?) sp.
Pseudotsuga sonomensis Dorf 
Juglaas (?) sp.
Salix (?) sp.
The pollens in sample number L-02a were in a state oi
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extremely poor preservation. Most species were represented 
by fragments of pollen grains only, very few were found 
entirely intact. With the exception of the walnut tree 
(Juglans sp.) all the rest of the trees present represent 
forest-dominant species similar to those currently living 
at higher elevations in the Sierra Nevada and Coast Ranges. 
The trees included in this affinity which are represented 
in the collection include a fir (Abies sp.), a pine (Pinus 
sp.), a Douglas fir (Pseudotsuga sonomensis) and a willow 
(Salix sp.). The previously mentioned walnut tree (Juglans 
sp.) is primarily an inhabitant of the woodland environment, 
however its modern equivalent does occur along the lower 
margins of the yellow pine-forest on the west slopes of 
the Sierra Nevada. This limited information for the 
moment, points to a forest regime in the area of Coal Valley 
during the deposition of the lowest coal horizon in the 
area.
Floral List of Species - Sample No. L-03c
Abies (?) sp.
Abies (?) magnifica Murry 
Pinus Jeffrey! Greville and Balfour 
Tsuga sonomensis Axelrod 
Salix (?) sp.
Salix (?) seouleriana Barrett 
Juglans californica Watson 
Ribes (?) sp.
Ceanothus integerrimus Hooker and Arnovi,
Ceanothus cordulatus Kellogg
A larger number of pollen grains were extracted from 
the upper coal horizons in coal bed A than fx-om the lower
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horizons. Most of these pollen grains represent species 
whose modern counterparts are found in the Sierran and 
Coast Range forests.
Evergreen trees such as firs (Abies sp.), red firs 
(Abies magnifica)» Jeffrey pines (Pinus ,jeffreyi) and 
hemlock (Tsuga sonomensis) are found in the collection. 
Other broadleaf trees associated with the conifers are 
the willows (Salix sp.), the mountain willow (Salix scon- 
leriana) particularly and the walnut (Juglans californica) 
which is found in the marginal forest-woodland setting. 
Shrubs present which were associated with the forest 
species of trees include two varieties of buckbrush 
(Ceanothus cordulatus and C. integerrimus) and an unident­
ifiable variety of currant (Ribes sp.).
From this information alone it would seem that the 
environment during the deposition of coal bed A remained 
fairly stable as is indicated by the general stability of 
the plant community.





These four species of trees and shruos represent 
lignite bed B which lies above coal bed A. Here again 
preservation of pollens was poor with few undeformed and 
complete pollen grains being present. The pine variety
(Piaus sp.) and the dogwood species (Comas sp. and C. 
nuttallii) tend to indicate an assemblage of forest trees. 
The only associated shrub found in the collection was that 
of an unidentifiable buckbrush species (Ceanothus sp.) 
whose close living' counterpart is usually associated with 
Sierran pine forest. Under the section on paleoenv.ironraents 
the above floral assemblages from beds A and B will be 





History, Development and Coal Analysis
In 1881}-, the Coaldale township was surveyed, and by 
1395 coal was discovered near its southern border. His­
torically, Mr-. William Grozenger of Candelaria discovered 
four seams of coal in Tertiary lacustrine beds at an 
elevation of 1524 to 16?6 meters on the north end of the 
Silver Peak Range (Spurr, 1905, Lincoln, 1925). The coal 
seams are best exposed in portions of sec.28,29,55,T.2 N., 
R.57 E., just south of the junction at Coaldale.
Unfortunately for both the development of these coal 
beds and the silver mines at Candelaria, this discovery 
of coal came after most of the mills had closed. Thus with 
no market or at least not a large demand, and not being 
able to find cheap transportation for the poorly ranked 
coal until the turn of the century, development was slow. 
The Carson and Colorado Railroad at this time ran through 
Rhodes Marsh some 40 kilometers to the north. The exec­
utives of the railroad refused to run a spur for coal 
transport to Coaldale as they could not see business enough 
to warrant It. Also the coal would be a competitor in 
Candelaria with wood supplied by subsidiaries of than 
railroad (Knapp, 1897). service would not be estab­
lished until the Tonopah and Goldfield railroaa was 
built near the old stage station at Coaldale in 190-f 
(Hance, 1911).
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In 1984 Grozenger extracted 136 metric tons of coal 
which he supplied to the Borax works at Columbus Marsh 
(Lincoln, 1923)* Prior to 1897» 9 metric tons of coal 
were delivered to Reno for testing on the Central Pacific's 
locomotives* The tests proved highly successful except 
for the nuisance and expense of disposing of the high 
volume of ash. The coal reportedly burned hot and even, 
without clinkers or high sulphur content (Knapp, 1897).
In the period 1904 to 1907, he reportedly shipped over 
1232 metric tons of coal to the towns of Goldfield and 
Tonopah for domestic use (Ferguson, 1933). During these 
three years Grozenger also supplied some coal to Candelaria 
for use as domestic and forge coal (Stoneham, 1904). The 
Tonopah Mining Company had this property under bond prior 
to this production, however it also, because ox the 
complexities of the formation and the poor rank of coal in 
the upper beds which were worked, dropped the bond during 
this production period or slightly beiore. Therefore 
it is uncertain just how many times the property was 
bonded and who did the mining and exploration work (Spurr, 
1903, Stoneham, 1904).
By 1911 two coal companies had established themselves 
on the Coaldale deposit; the Nevada Coal and Fuel Company, 
and the H. A. Darms Company (Lincoln, 1923). Tne Nevada 
Coal and Fuel Company began operations on what must nave 
been the old Grozenger property in the S^SE^,sec.29,T.2 In. ,
R.37 S* (Plate 8) (Hance, 1910* During the winter of 
1911 - 1 912 a carload of coal was shipped for free distri­
bution to Goldfield and Tonopah for domestic uses. This 
led to the shipping of a daily carload of contracted 
coal to these cities.
Twelve men were employed at the mine during seasons 
when water was available locally or easily brought in.
The Nevada Coal and Fuel Company's mine employed the use 
of a 15-horsepower gasoline engine driven on distillate 
for hoisting activities (Hance, 1911) ana produced small 
amounts of coal up to at least 1915* The only unusual 
event recorded at this mine during this period happened on 
February 27, 1912 (?). The mine was determined to be 
gas-free so miners used the customary acetylene lamps.
On that day a dust explosion caused by the lamps rocked 
the mine - shaking up the miners but not causing any 
injuries or damages (Hance, 1911)*
The Darms Mine which also was in operation at this 
time consisted of 2 inclines of 158 meters and 1 If6 meters 
in depth located in NE-£sec.33>T.2 N.,H*37 2* (Plate 9) 
(Lincoln, 1923). The inclines cut the three deepest seams 
of coal and at the 98 meter mark encountered water. The 
mine operators estimated the flow of water to be appxox- 
imately 3028 liters a day. A small underground dam and 
pumping system removed the unwanted water. Power a t  
the mine was supplied by a 25-horsepower steam-engine
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and hoisting skip. The coal probably here and at the 
Nevada Coal and Fuel Company mine was fed over bar screens 
and then hand sorted. There is no evidence of washing 
facilities or other mechanical cleaning devices (Toenges,
1946). The mine was run on a two-shift schedule (Hance, 
1911). The Darms Company also held a prospecting permit 
for 2,560 acres around the mine.
This venture seems to have been a short-lived one as 
by the end of 1911 The Western Coal Ms. Company had acquired 
the Darms prospecting permit and had begun a diamond 
drilling program (Lincoln, 1923)* Toenges and others 
evaluating these claims in uhe early 19A0's found evidence 
of five drill holes in the area which may be associated 
with this firm, however no records were found to prove 
this (Toenges, 19^6).
Other properties working in the general vicinity 
on a very small scale, during the period 189̂ - through 
1915 included the Elder-Morgan lands and the Snook, Frantz 
and Petty lands (Stoneham, 19^0). Also during this period 
some jigging tests were run at the Mackay School 01 Mines 
in Peno, Nevada. The results were unsuccessful however, 
as the ash content in unjigged coal equalled that of the 
jigged (Hance, 1911). For all intents and purposes these 
mines never worked after 1915. From inis da^e to 1951 
only sporadic exploration activity was attempted in the 
area due mainly to the poor economic picture for low-grade
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coal In central Nevada. After 1931 little interest was 
shown until the outbreak of World War II when the search 
for strategic minerals began.
Toenges and others (19^6) investigated the Coaldale 
field during the early 19^0 's with the intent of mapping 
the coal beds and extracting coal samples for analysis.
Coal bed C was selected as the best seam in the area for 
this study. It was determined that bulk mining (versus 
selective) was the only practical and economic method for 
exploiting the Coaldale deposits.
Mr. W. E. Brodie, a mine operator from central Nevada, 
was hired to mine a sample of 181 metric tons of coal 
utilizing only a small air compressor-type drill and 
hoist. This sample was sent to Coaldale via truck and later 
shipped on the railroad to the Bureau of Mines, Northwest 
Experimental Station, Seattle, Washington, for washing, 
burning and gasification tests. He later mined an addi­
tional 36 metric tons which was sent by truck to the 
Bureau of Mines, Boulder City Development Lab, Boulder, 
Colorado, for testing in a newly designed gasification 
plant.
At this time a diamond-drilling project was started 
which, when finished, had drilled 3 holes all 0.8 kilo­
meter north of the northeast—southwest fault scarp whicn 
borders the north end of the Silver Peak Bange. The holes 
were drilled parallel to the fault and all were between
183 and 213 meters deep. Coal was encountered in each 
hole and 3 cm cores were taken (Toenges, 19^6). Logs 
of these holes are in Appendix VIII.
Washing the Coaldale coal reduced its total volume 
by approximately two-thirds. Burning tests revealed that 
in the proper equipment the Coalaale coal could be burnt 
with good efficiency if prior to burning, the coal was 
washed and the ash content reduced to 33 percent. If the 
coal was unwashed the ash residue was a nuisance and an 
expense to handle. The gasification tests also revealed 
that it was feasible to use the Coaldale coal to produce 
gas; however again the high ash content created an eco­
nomic problem (Toenges, 19̂ -6).
Most of the properties in the Coaldale area had. their 
coal analyzed. Turner (1900) noted than a Dr. v/. i1. 
Hillebrand of the U. S. Geological Survey analyzed the 
coal from the Elder-Morgan property and regarded it as 
good coking coal with a moisture consent o.t 3*5.1 percent-, 
a fixed carbon content of 33*93 percent, a volatile material 
content of 31*71 percent and an ash content oi 38*81 
percent. He noted the sulphur content to be a low 1.03 
percent.
Spurr (1903) investigated the coal at Gozenger's 
property. A Mr. George Steiger did the analysis on a 
coal sample having been exposed to arr for six months, 
with the following results: moisture - 0.9^ percent,
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fixed carbon - 42.63 percent, volatile material - 37.35  
percent and ash - 19*08 percent.
Stoneham in 1904 examined two coal seams, that of the 
Elder-Morgan mine and that of the Snook, Frantz and Petty 
properties. Thomas Price of San Francisco analyzed the 
Elder-Morgan coal and achieved results slightly different 
from those reported in Turner's paper. Price reports that 
the coal contains 1 .8l percent moisture, 44.58 percent 
fixed carbon, 3 4 .5 2 percent volatile material, 19.09 
percent ash and 3*62 percent sulphur. Of the coal from 
the Snook, Frantz and Petty lands, it is said to contain 
.11 percent ash and 48 percent fixed carbon.
Hance (1911) reported on coal analyses from the 
Nevada Coal and Fuel Company Mine and the H. A. Darms 
Mine. Analyses were carried out under four conditions -on 
numerous coal samples from each mine as snown in figures 
3 and 4. Of the six analyses stated, records are incomplete 
on three of them (the two Elder-Morgan samples and une 
sample from Snook, Frantz and Petty) as uo the coal's 
condition prior to analytical work, therefore the remaining 
three analyses are a much better indicator of Mie coal's 
composition.
Aside from this testing during World War II, no 
further production or exploration for coal has been re­
ported from the Coaldale area.. As with the other coal 




NEVADA COAL AND FUEL COMPANY MINE
a - Sample processed as received
b - Air-dried sample (air drying loss at 0.7 percent) 
c - Moisture-free sample 
d - Moisture and ash-free sample






s. 1.7 32.4 33.6b 1.4- 32.3 33.7c — 32.9 . 36.2
d — 47.8 .32.2








a 3,532 9,960b 5,548 9,990
c 5,627 10,153d 8,148 14,667










E. A. DARMl'S COMPANY MINE
a - Sample processed as received 
b - Air-dried sample 
c - Moisture-free sample 
d ~ Moisture and. Ash-free sample
Proximate Analysis (in percent)
Volatile Fixed
Category Moisture Matter Carbon
a 2 . 1 3 3.7 33*7
b 1 •  ^ 33*9 33.9
c Kf 3A*t
d U9* 9 '50.1
Ultimate Anal.ysis (in percent)
Category Ash Sulphur
a 30.5 7 * 18
fc 30.7 7 .2 2
c • 31*2 7.33
d — — • 10.65
Heating Values
Category Calories BTU * <3
cl 5,330 9, .590
b 5,360 9? 550
c 5, ZfZfO 9,300
d 7,905 \L ,230
vo 
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of coal, limited reserves, no markets, and high transpor­
tation and mining costs seem to have disqualified the 
Coaidale field from further consideration.
Climate and Vegetation
The Coaidale field lies in a climatic regime char­
acterized by a mid-latitude steppe. This region experi­
ences a yearly water deficit as winter and spring pre­
cipitation is relatively light, though it may be heavy over 
a short period of time thus creating flash-flood conditions. 
Precipitation ranges approximately from 7.6 cm to 25.1 
cm per year (Turner, 1900, Albers, 1972).
Temperature ranges can be extreme in this are a (Albers, 
1972). The average range of temperatures is from -7 
to Zj.,4 degrees Celsius during the winter and 18 to 2? 
degrees Celsius during the summer months (Houghton, 1975).
Vegetation at Coaidale is limited largely oo basin 
sage (Artemisia tridentata), rabbit brush (Chrysouhamnus 
nauseosus), antelope brush (Purshia tndentapa), horse- 
brush (Tetradymia g lab rat a), shadscale (A triplex confer— 
tifolia), budsage (Atriplex spinescens), salt grass 
(Distichlis stricta), greasewood (Sarcobatus y ,e,r mi cu 1 at us), 
dalea (Dalea polyadenia) , winter fat (Ep.pQ.tia lanata), 
desert sage (Salvia carnosa), and prickly-pear cacxi 
(Axelrod, 1956, Robinson, 1961, Albers, 1972)*
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Physiography and Regional Geology
The area surrounding the Coaldale site is character­
ized by numerous arcuate ranges which converge with the 
Sierra Nevadas. The areas between these ranges are occupied 
by broad flat valleys, many of which contain playas.
The site, at an elevation of approximately 1.500 meters, 
is located just north of the large /f50-meter' high scarp 
which marks the terminus of the Silver Peak Range. This 
range further to the south reaches a height of over 2900 
meters. This scarp approximately marks the location of 
a large displacement normal fault, typical of the Basin 
and Range type, which strikes N?0&E and dips approximately 
75°N(?) (Knapp, 1897). In this area numerous smaller 
tilted fault blocks of the Esmeralda Formation form a 
rolling foothill-type environment, and it is because of- 
the numerous small scarps that the coal found here is 
well exposed. To the north of the site lies a norch—sloping 
plain which abuts with the Monte Cristo Range while to the 
west lies the south end of the Columous Balt Marsh and uhe 
north end of Fish Lake Valley. To the east is a low paso 
between the Monte Cristo Range and the Silver Peak Range. 
Beyond the pass is another flat valley and alkali flat.
Turner originally defined the Esmeralda formation 
of which part of the type section is at the Coaldale 
location, as a meter series of fresh-water lacustrine
sediments laid down in a large lake he called Lake moineralda
wm
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Lake Esmeralda presumably extended from the east at the 
Montezuma Range to the Inyo Range in the west. The Palmetto 
Mountains provided a southern boundary while to the north 
the lake extended an unknown distance (Albers, 1972)*
Numerous problems with this concept have arisen due to work 
completed in this area since Turner's time. First, Turner 
limited his type section to only sedimentary rocks and 
admittedly ignored the interbedded volcanics which exist. 
Secondly, work by Ferguson (192/*, 1953) and Robinson (196/*, 
1968) recognized the probability that numerous smaller basins 
of deposition existed contemporaneously rather than a single 
large basin. Mapped sedimentary units show a striking simi­
larity across the entire area, however rapid facies cnanges 
and vertical variations make it impossible to trace a partic­
ular bed or its equivalent across the entire area. Third, 
Turner's type section is a composite of sections from three 
or four areas in central Esmeralda County and he admitted 
that some contacts were missing and the section is at best an 
approximation (Robinson and others, 1968, Albers, 1972).
Turner measured the lower member of his Esmeralda 
Formation at Coaldale and Red Mountain and correlated these
beds with each other saying they represented the same unit, 
but different facies (Robinson, 1968). Later workers, for 
instance Ferguson (192/*), measured a section with volcanics 
in what he considered Esmeralda Formation in tne Manhattan 
District which is approximately 97 kilometers northeast of 
Coaldale. Robinson, on tne other hand, measured his 27A3
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meter type section with volcanics near Alum, in the south­
western Weepah Hills approximately ^8 kilometers to the 
southwest of Coaldale. Since both of these locations are 
fairly far removed from Coaldale they could represent 
different but environmentally similar basins which for 
limited periods of time may have interconnected as is 
suggested by fossil invertebrate assemblages (Firby, 1966)* 
Hance (1911) measured a section at Coaldale which included 
only the lower Esmeralda member. In this paper tnerefore, 
Hance's section of lower Esmeralda Formation will be 
followed, supplemented'where necessary with information 
concerning the sediments and volcanics from the other 
type sections of Turner, Ferguson and Robinson.
Hance recognized that the lower member of the
Esmeralda Formation, at this location, consisted of tuffs,
sandstones, shales, conglomerates and coaloeds, oeing
capped locally and unconformably by basalts and rhyolites.
Due to the numerous displacements in the area the section
is a composite and thus only an estimate of total thickness
at the Coaldale site. The following is the abbreviated
section given by Hance (1911) of Tertiary rocks at the
Coaldale site: coal bed D - 3.0 a ,rhyolite - interbedded with tun and
sandstone - 15*2 m 
coal bed C - 6.4-.rhyolite - interbedded with tuff and 
sandstone - 21.3 m 
coal bed B - 3*0 m . ,rhyolite - interbedded with uuii and
sandstone - 43*7 m 
coal bed A - 1.2 m
rhyolite tuff - silicified - 18.3 m
conglomerate - 6.1 m
rhyolite tuff - silicified - 6.1 m
gravel (small) - 1 2 .2 m
rhyolite tuff - 7*6 m
gravel-unassorted - 13«2 ra
rhyolite - if. 6 m
rhyolite tuff - 1 3 - 2 m
gravel-unassorted - 21.3 m
unconformity
Paleozoic rocks
Above coal bed B lies approximately 113 meters of tuffs, 
and minor conglomerates unconformably overlain by gravels, 
basalts and rhyolites. The tuffs in many places resemble 
quartzites and are well indurated. The gravels consist 
mainly of quartz, basalt, granite and rhyolite.
Albers (1972) and Ferguson (1933) recognized a 
pyroclastic unit as the base of the Esmeralda, however 
they indicated near the contact with pre-Tertiary rocks 
there are gravels originating from those rocks. Their 
lower tuff unit is only locally present anti not easily
distinguishable. Above these tuffs lies Robinson's (19oh- 
and 1968) sedimentary unit 1 which is comprised princi­
pally of fanglomerate deposits of Paleozoic rock t-ypes 
including large landslide blocks of Precambrian rock.
The fanglomerates range in color from red and green to 
dark purple. The unit is approximately 1700 meters thick 
near Mineral Ridge but on the eastern side of Silver Pea* 
Range it is only a few rasters thick. The unit is highly 
variable and restrictive and is poorly sorted, thus 
indicating a rapid erosion and deposition period.
Overlying the fagglomerate is a breccia derived 
from volcanic rock with minor lenses of tuffaceous sand­
stone (Albers, 1972). Sedimentary unit 2, of Robinson's, 
overlies unconformab'ly the volcanic breccia. This sed­
imentary unit is the most extensive one in the Silver 
Peak area and contains sandstones, tuffs, tuffaceous shales, 
conglomerates and a welded ash layer. Resting upon 
sedimentary unit 2 and in places intruding it, is a series 
of rhyolitic domes, flows and breccias. This rhyolite is 
fine-grained, dense and usually exhibits destinet flow 
banding. Air-fall tuffs are also present and are commonly 
poorly bedded. This unit shows extreme variations in 
thickness and can be found to be only a few meters thick 
up to if60 meters thick at Rhyolite Ridge (Albers, 1972).
Porphyritic latite and trachyandesite covers the 
rhyolite sequence. These flows approach a thickness of 
190 meters and are commonly gray-green or red in color. 
Locally lenses of tuffaceous sandstone and conglomerate 
may be found in this unit. At Piper Peak this latite- 
trachyandesite unit is overlain by two basalt ilows. Ihe 
basalt is composed principally of olivine, hyperstene and 
augite components (Robinson, i960). The upper flow is, 
in the Silver Peak region, the highest volcanic unit.
Overlying the basalts, and where the basalts are 
absent, the rhyolite, near Rhyolite Ridge is oedimentary 
unit 3. This unit contains siltstone, sandstone, snale,
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thin tuifaceous beds and minor fresh-water limestones.
The siltstone is an orangish-gray, is indurated, well 
sorted and locally tuifaceous. This siltstone locally 
makes a good flagstone. The sandstones tend to be fine 
to medium grained with a grayish-green color. They show 
variable bedding from thick to thin, are moderately indur­
ated, well sorted and contain much volcanic and Paleozoic 
rock debris. The shales tend to be gray in color, indurate ■ 
and can be either calcareous, tuffaceous or - carbonaceous 
(Robinson, 1968). In 1963 drilling by the Stauffer Chemical 
Company disclosed that this unit is approximately 1+00 
meters thick (Albers, 1972).
A sequence of yellow-brown volcanic breccia discon- 
formably overlies sedimentary unit 3- This breccia ranges 
from 3 to 15 meters thick, is poorly bedded with sub­
rounded to angular fragments of andesite in a sandy matrix 
(Turner, 1900b, Robinson, 1968). According to Albers 
(1972) overlying but not found in contact witn the volcanic 
breccia is a basalt unit and sedimentary unit 4* The 
sedimentary unit contains poorly consolidated tuffaceous 
sediments and conglomerates. This unit is considered to 
be 305 meters thick on the east side of Fish Lake Valley.
Turner (1900b) recognized a sandstone and shale unit 
to be the base of the series, in the Coaldale area. When 
compared to Robinson's section in the Weepah Hills, this 
unit is approximately 1890 meters above the ba^e of his
T'
section and could be considered correlative.to his sed­
imentary unit 2. Within this sandstone and shale unit 
are the coal seams which were the focus of investigation.
The sandstones are fine, yellow to buff in color 
and contain, in a single bed near the base of the formation 
abundant fresh-water gastropods. Fossil dicotyledonous 
leaves and fish remains are contained in the few thin 
buff-colored shale layers (Turner, 1900a).
As a whole this lower unit of the Esmeralda Formation 
has a low angle dip of 5° to 10°. As the fault along the 
northern end of Silver Peak Range is reached, dips increase 
from 1 5 ° to 40° and even reverse themselves indicating 
an anticlinal structure due possibly to dragging along the 
fault in the sediments adjacent to the fault. Because of 
the gentle north-northeast dip it would be expected that 
the formation extends northward under alluvial cover 
toward the Columbus Salt Marsh and ohe Monte GriSi,o Eango 
where similar sedimentary units can be found. However 
this gentle dip does not indicate simpler structures. 
According to Toenges (19^6) drilling indicates that the 
structure is more complex than was imagined. Faulting 
and offset of coal seams is prevalent. The dips of the 
coal seams are also very variable and steep dips are 
achieved as are minor folds. Igneous intrusions (rhyolite 
plugs) also complicate the geology. For the most part 




The lower member of the Esmeralda Formation has 
an estimated thickness of 315 meters by Hance (1911), 
of 610 meters by Turner (1900a, 1900b), and of 305 meters 
by Robinson in the Weepahs (Robinson, 1968). It should 
be noted however Robinson’s sedimentary unit only contains 
siltstones and sandstones, no coal being reported.
Turner measured the middle section of his Esmeralda 
Formation on the eastern flank of Big Smokey Valley. Here 
he measured a section of conglomerates and breccias derived 
from adjacent uplands composed of Cambrian and Silurian 
rocks. It is noted that it is possible to see these 
coarse beds interfinger with the sandstone units probably 
of the lower unit (Turner, 1900a).
The top of the Esmeralda Formation, as Turner des­
cribed it, contains white shales and marl beds of probable 
lacustrine origin which contain fossil fish remains.
These sedimentary units are overlain by tuffs, rhyolites
and basalts of a younger age.
The four coal seams show all gradations from carbo­
naceous shale, through lignites to a low bituminous grade 
coal. This bituminous coal is unique to this area and could 
be the result of the baking of the lignites which might- 
have accompanied the intrusion in those beds Oi small 
rhyolite plugs. The coal beds contain large quantities 
of sandstone shale and slate partings thus in a 1.5 meter
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section of coal there might only be 0.6 to 1 meter of 
actual coal and the remainder impurities.
With consideration of the fact that the sedimentary 
rocks in this area are sparsely fossiliferous, most 
of the age determinations have been based on radio- 
metric results. It should be noted that these radio- 
metric ages match very closely those ages determined 
from fossil evidence. Turner (1900a) indicates that 
F. H. Knowlton examined a collection of leaves from 
beds near the coal horizon but could only assign an age 
of mid-Tertiary to them. Invertebrate fossils found 
15 meters above the coal seams were examined by J . C. 
Merriam and also indicate only a middle Tertiary age, 
possibly Miocene (Knapp, 1897)* Evernden and James 
(196if) indicated that the tuff interbedded with the 
coals, from the lower Tertiary section near Coaldale, 
based on K—Ar determinations, are 12.7 it.y. old or 
upper Miocene.
Sobinson (1968) indicates that a collection Oi 
molluscan fossils, from limestones immediately above 
the coal beds, was examined by J. S. Firby and suggested 
to be of late Barstovian - early Clarendonian age, and 
thus late Miocene.
Site Lithology
As previously indicated there are four major beds
8 ^
of coal within this region (beds A „ B, C, and D). Bed A 
is the upper-most bed of coal. Due to its small thick­
ness (less than 1 meter), its high percentage of partings 
and very poor exposures, it v/as not found to be ut>able 
for this project. The other three beds, B, C, and D were 
sampled and measured in the field.
Coal bed 3 was examined in sec.33>T.t N.,R»37 E. 
at the site of an abandoned incline formerly owned by the 
H. A. Darms Company. It lies approximately i+6 meters 
helow coal bed A. The partings of sandstone and shale 
in this seam are less numerous. However this coal is 
still not of commercial quality because uhere is still 
over one-third of the bed containing partings and the 
seams of coal between the partings are too thin to oe
profitably worked (Hance, 1911)*
It can generally be said that as a whole the bed 
dips to the northeast and strikes to the northwest, xhe 
coals are somewhat folded and complexly faulted in the 
area of the incline as they are very close to the large 
fault which bounds the north end of the Silver Peak Range. 
Thus it is obvious that strikes and dips are highly variaole 
and not continuous over large distances. At the harms 
Mine the base of coal bed B lies in alluvium and the top 
is overlain by shale. The lignitic coal ranges from 
dark brown to black, weathering to a gray. Its beading 
is variable from lamellar to beds 3 C21 thick. Ih^ coal
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is fissile, friable and contains manjr partings of shale. 
These shale partings reach thicknesses as great as 13 era. 
Secondary gypsum is also present along bedding planes and 
fractures. The section as measured and sampled is presented 
in Appendix IX.
The coal of sample 0 0 3  seems to be of the best 
quality present at this location while sample 001 is 
probably better than OOp. Thus the coal’s quality 
seems to drop off toward the top and bottom of the bed.
Coal bed C was also, examined in sec.33 at the Darms 
Company mine where only a fair exposure is found. Bed C 
lies approximately 21 meters below bed B. Here the 
coal beds are also folded due to their proximity along 
a major fault. It is reported that in underground 
workings it is this bed which is intruded by rhyolitic - 
domes, however no surface evidence oi this was seen 
(Hance, 1911). Also Hance reports that bed C is of 
better quality coal (fewer sandstone and shale partings) 
than either bed B or A. At the Darms Mine both the 
top and the base of the coal bed C lie in alluvium 
which most probably overlies shale beds. The coal 
is dark brown to black, weathering to a gray. I^s 
bedding is variable from lamellar to oeds as uhic^ as 
3 cm. Locally the coal is fissile and everywhere 
it is friable. The coal contains many lenses of shale 
and tuffaceous sandstone (partings) of limited lateral
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extent. These may reach thicknesses as great'as 2 cm,
however 0.6 cm is the more common thickness. The unit
strikes N36°W and dips approximately 70°N, but this dip 
and strike is highly variable due to folding and faulting. 
Some of the shale contains organic material and plant 
debris of poor quality which is unidentifiable. The bed 
is if.6 meters thick ana four samples were taken: C-08a - 
base of unit; C-08b - at 1.5 meters above the base; C-06c 
at 3.1 meters above the base; and C-08d - at the unit's
top. Again, in this bed the best-looking coal appears 
in the middle of the bed while poorer quality coal is at 
the base and top.
Coal bed D was sampled and measured in sec.28. This 
bed of coal lies approximately 15 meters below bed C 
according to Hance (19 ^1 )- property is approximately
90 meters north from the fault which terminates the Silver 
Peak Range and lies at the top of a fold in the sedimentary 
rocks. The coal in this vicinity is badly sheared, frac­
tured and crushed while the individual seams are contorted.
Because of this deformation it is difficult to determine 
the original attitude or thickness of this bed. The stmk 
and dip of the coal is also highly variable within the
small outcrop area.
Coal bed D at this location is 3 meters thick and
has its base 
unit) and is
in alluvium (probably overlying a shale 
overlain by a thick shale member (Plate 10).
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The coal is black weathering to gray and shows irregular 
bedding on the order of lamellar to 5 cm in thickness.
The coal is locally fissile and moderately indurate to 
friable, and is highly fractured and crushed where folds 
and undulations in the seam occur. This bed contains 
numerous partings of shale which range in thickness from 
0.6 cm to 0.5 meter. Associated along with the coal in 
bedding planes and fractures is a large quantity of second' 
ary gypsum and sulphur. The gypsum occurs in thicknesses 
up to k cm. As is the case in coal beds B and C, bed 
D also apuears to possess the oest quality coal in the 
middle of the bed. As both the top and base of the bed 
is approached the coal gives way to a lignite which at 
the contact is quite shaly. At this location the coal 
strikes N22°W and dips 25°S. Sample 0 0 9  was taken at. 
the base of the unit. Sample C"10a was taken 0.6 rnê er 
above the base of the unit, while sample O l O b  was taken 
1.2 meter above the base. Sample 0 1 1 a  was taken at the 
top of the unit at the contact with the shale. This 
overlying thick sequence of shale is brown weathering to 
cream, and bedding is variable from 1 cm to 30 cm. The 
shale is moderately indurate and highly fractured and
folded.
Palynology
Three coal horizons were analyzed for pollen content
Semple number C-03 was consideredat the Coaldale site.
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representative of coal bed 3, as was sample number C-08c 
representative of coal bed C and sample number C~10a 
representative of coal bed D. On the whole, results 
arrived at were uniformly poor for all three beds. Mo 
pollen grains were recovered from coal bed 3. Results 
from coal bed C were only slightly better with the recovery 
of a single unidentifiable species of buckbrush (Ceanothus 
? so.). Recovered from coal bed D were four floral species; 
two trees, an unidentifiable fir (Abies ? sp.) and an 
unidentifiable pine (Pinus ? sp.)t and two species ol 
buckbrush (Ceano bhus ? sp., Ceanothus ? .copdulatus 
Kellogg)»
Arriving at conclusions from this meager amount of 
information is very difficult. Mot enougn is known, to 
hazard an opinion on the environments oi coal oeds B or 
C. Coal bed D on the other hand could possibly represent 
a forest community similar to those found today on the east, 
and west slopes of the Sierra Nevadas.
The problem encountered at Coaldale was one of intense, 
deep weathering* The lignite and coal as seen in the 
field and as reported by numerous investigators has oeen 
highly weathered and contains large amounts of secondary 
gypsum, indicative of water movement through the beds.
Thus due to this weathered condition ana the movement, 
of large amounts of subsurface acidic water, pollen 
destruction by effects of aeration and of sulphuric acid
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could be expected. A possible environmental reconstruction 
of coal bed D will be attempted in a later section.
Coal beds B and C will only be discussed in light of 
their mode of deposition.
mSmeSmamMim
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Abies (?) grandis (Douglas) Lindley 
Abies (?) rnagnifica Murry 
Abies concoloroides Brown 
Pin us
Pinus sp.
Pinus attenuata Lemmon 
Pinus (?) monticola Douglas 
Pinus Jeffrey! Greville and Balfour 
Pinus' (?) florissanti Lesquerex 
Pinus lambertiana Douglas 
Pseudotsuga
Pseudotsuga sonomensis Dorf
i j i  S  U 3l
Tsuga (?) raertensiana (Bongard) 














Salix (?) scouleriana barreot
J uglan dales
J uglan dac e ae 
Juglans
Juglans (?) sp.Juglans californica Watson
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Pterocarya





























Cornus (?) sp.Cornus (?) californica C. A. Mey
Cornus nuttallii Audubon
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SYSTEMATIC DESCRIPTIONS OF POLLEN SPECIES
Family PINACEAE.
Abies sp.
Overall length of 102 to 122 microns with proximal edge 
of 5 to 9 microns thick. Bladders show variable degrees 
of reticulation and no crests at the roots of the bladders. 
Occurrence: Coal Valley. Tick Ganyon> mlko> ooalaale
Abies grandis (Douglas) Lindley 
(Plate 11)
Grains commonly are 102 zo 1 Ab microns in size with body 
length between 8h to 123 microns. Bladders are usually A1 
to 60 microns wide with coarse but ill-defined reticulation. 
Proximal edge of 5 to 9 microns wide. Occurrence: Crystal 
Peak
Abies maaniilca Murry
Grains commonly are 11? to 177 microns in size with oodiec 
approximately 96 to 113 microns long. Bladders are usually 
90 to 90 microns with very fine reticulation (finer than 
concoloroldes). Proximal edge of 9 to 9 microns wide. 
Crystal Peak. Coal ValleyOccurrence:
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Abies concoloroid.es Brown 
(Plate 12)
Overall grain size between 122 and 130 microns with a body 
length of 84 to 110 microns and a bladder width of 4-2 to 
31 microns. Reticulation on the bladder is fine and well 
defined. Proximal edge 3 to 9 microns wide. Occurrence: 
Crystal Peak
Pin us. sp.
Overall size ranges from 42 to 132 microns with t>ody 
lengths of 31 to 84 microns and bladder widths from 14 to 
60 microns. Body is usually round or ellipsoid with a 
thick, sometimes crenulated proximal edge. Usually two 
bladders attached with reticulation of various degree^. 
Occurrence: Coal Valley, Tick Canyon, Elko, uoaluaxe
Pinus attenuata Lemmon 
(Plate 13)
Size ranges from 42 to 80 microns overall. Usually exhibits 
thin edge 2 to 2.3 microns wide evenly tegillate. Body 
shows fine granulations to psilate. Bladder shows crest 





Size ranges from L2 to 80 microns overall. Exhibits a 
moderately wide edge of 3.5 to 5.6 microns. Shows promi­
nent reticulation on the bladder. Occurrence: Crystal Peak
Pinus ieffreyi Greville and Balfour 
(Plate 15)
Largest of the Pinus species - overall length of 81 to 
132 microns. Body length 53 to 78 microns and bladder 
size 36 to 60 microns. Body margins are wavy while body is 
uniformly granular, tegillate - baculate; body crest is 
approximately 4 microns thick however sometimes crest is 
thin and the margins ill-defined. Exine is sometimes 
psilate aid the bladders are very large - Sometimes larger 
than the body; granular with coarse reticulation which is 
poorly defined. Occurrence: Crystal Peak, Coal Valley
Pinus florissanti Lesquerex 
(Plate 16)
Overall grain size 72 to 79 microns with a body length 
of /f8 to 60 microns and bladder width of 25 to 32 microns. 
Body has a thin edge with a strong crest, it can be psilate 
or faintly granular. Bladder shows indistinct reticulation 
which under a microscope is lustrous. Occurrence: Crystal
Peak
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Pinus lambentiana Douglas 
(Plate 1?)
Overall body length of 50 to 86 microns. Body finely 
granular with a proximal edge 5 to 6 microns thick. Body 
is angular if strong undulations are present or smooth 
and ellipsoidal with no convoiusions at the bladders root. 
Bladder is strongly reticulated. Occurrence: Elko
Pseudotsqga sonomensis Dorf 
(Plates 18 and 19)
Overall grain length ranges between 7if to 13*f microns.
The exine is heavy and very granular. Grains show no 
aperture according to Wodehouse and Erdtmann however 
Axelrod reports a sample with a crescent-shape aperture. 
Findings in this project confirm Axelrod’s report. 
Occurrence: Crystal Peak, Coal Valley, Elko
Tsuga mertensiana (Bongard) Carriere 
(Plate 20)
Body has a length of 65 microns; saccated and pinoid. 
Sculpturing on bladder finely granular and appears iden­
tical to that found on the body. Occurrence: nlko
Tsuga sonomensis Axelrod 
(Plate 21)
Overall size 56 to 60 microns. Grain has no bladdeis
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however does have a fringing girdle about the body. 
Occurrence: Coal Valley
Family EPHEDRACEAS 
Ephedra nevadensis Watson 
(Plate 22)
Overall length 5A to 53 microns and overall width is 
about Zk microns. Body is ellipsoidal and enveloped in 
a transparent, reticulated membrane. Exine is small with 




Overall body length 25 to 30 microns. The exine is granulai 
in the larger grains. Very rare• Occurrence: Crystal Peak
Salix sp.
(Plate 22f)
Overall body diameter 20 to 25 microns. Exine can be 
coarse, reticulated and irregular. Occurrence: Crystal 
Peak, Coal Valley
Salix scouleriana Barrett 
Body diameter ranges from 22 to 25 microno. body is
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Overall body diameter 29 to kk microns, grains are flattened 
and tend to have all the pores in the dorsal hemisphere 
while few if any are in the ventral hemisphere. Sub- 
exineous thickenings are common. Occurrence: Crystal 
Peak, Coal Valley
Juglans californica Watson 
(Plate 29)
Smallest Juglans in collection, with overall body size of 
26 to 31 microns. Exine is irregular, warty and granular 
with many pores and slightly aspidate. Occurrence: Coal
Valley, Elko
Pterocarya sp. Owens
Overall size ranges from 26 to 29 microns wide and 31 to 
33 microns long. Pores are numerous - usually 3 to 6 in 




Grains usually 20 to 29 microns in diameter containing 
if to 6 pores. Ezine- is psilate. Occurrence: Elko
Family FAGACEAE
Castanopsis chrysophylla (Douglas) A. DeCandolle
(Plate 26)
Grain is 21 microns in length and 1 if microns in width.




Overall diameter varies from 20 to 30 microns. Grains 
are spheroidal with apertures in psilate rugoid areas. 
Occurrence: Coal Valley
Family ROSACEAE
Cerco car pus betuloxdes Nut tall 
(Plate 27)
Grains are 32 to if2 microns long and 22 to 30 microns 
wide. Body is granular (fine), ora is lalongate and has 





Oblate grain ranging in size up to 'j>k microns in diameter* 
Exine thin and transparent and reticulated, 3-colpate, 




Overall grain length is 23 to 27 microns and width is 
1b to 20 microns. Grains usually flattened and folded, 
3-colporate, unusually thick exine, striato-granular with 
round pores congregating in one hemisphere. Occurrence: 
Coal Valley, Coaldale
Ceanothus cordu'latus Kellogg 
(Plate 29)
Grains are usually folded and flattened, with widths from 
16 to 20 microns, grain length from 25 to 2? microns. 
Grains are 5‘“colp°^a ':e with thick exine. nodj is striato- 
granular, with round pores commonly grouped in one hemi­
sphere. Occurrence: Crystal Peal-;, Coal \falley, lick 
Canyon, Coaldale
Ceanothus integerrimus Hooker and Arnott
Grains are small, usually between 15 and 18 microns acros 
Exine is thin, 3-colpate, striato-granular with long 
furrows. Occurrence: Coal Valley
Family COHNACEAE 
Cornus sp.
Grains are usually oblate (lateral view) to spheroidal 
(polar view),. 3-colporidate, and ranges from 25 to 62 
microns long and 18 to 5C microns wide. Polar areas are 
recessed, exine is thin and granular. Colpi can be short 
or long, ora is lalongate, and furrows- are transverse at 
pores. Occurrence: Coal Valley, Elko
Cornus californica C. A. Mey
Very large grain with great variations, size ranges from 
30 to 62 microns long and 30 to 50 microns wide, 3~ 
colporidate, exine thin, granular. Occurrence: Elko
Cornus nuttallll Audubon 
(Plate 30)
Grains range from 23 to 33 macrons in length and 20 to 
26 microns in width. Body has a thin eage marked b;> 
granules with short colpi. Occurrence: Crystal Beak,
Coal Valley
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The above descriptions were obtained from:
Axelrod, D. I. and Ting, W. S„, I960, Late Pliocene Floras 
East of the Sierra Nevada: University of California 
Publications in Geological Sciences, v.39> 113 p.
Kremp, G. 0* W., Arnes, H. T., and Grebe, Hilda, 1997-1969> 
"Catalog of Fossil Spores and Pollen: Pennsylvania 




Within this section the climatic, topographic and 
depositional environments of each of the five collecting 
sites presented in this paper will be reconstructed.
Several considerations greatly simplify the processes of 
reconstructing climatic environments of late Tertiary age. 
First, most of the trees and shrubs from this period have 
evolved very little. Second, since these modern specres 
are similar to those of late Tertiary time, their present 
community structure and environmental conditions can be 
assumed to parallel those found in late Tertiary time. 
However it must be remembered that even if vegetation is 
largely a response to climate it is also a response to 
topography, drainage, soil character and the influence of 
living creatures. Therefore my reconstructions will not 
necessarily be complete or unique as information oursiae 
the scope of this paper needs to be gathered and analyzed.
Axelrod*s (1956, 1958, I960) various works relating 
to climate and vegetation during late Tertiary time in 
western Nevada were indispensable as guides to some of 
the relationships between climate and vegetation, as were 
the works of Dansereau (1957) anci Polunin (i960). These 
works were largely followed during the following inter­
pretations and reconstructions of the various sices. It 
must be noted however that the results acnieved here 
are not always compatible in degree with Axelrod's findings.
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At the Crystal Peak site two prominent and different 
plant communities were recognized. From the lowest sampled 
lignitic horizon evidence indicated that a forest regime, 
similar to the Sierran pine forest of today, existed in 
the area during deposition. The uppermost lignitic horizon 
sampled indicated that a change in the plant community had 
occurred, evidence here pointed to the establishment 01  
an open forest-woodland-chaparral regime.
The Sierran pine forest typically is found in a 
region where 62 to 39 cm of rainfall occurs yearry* 
Distribution of the rainfall occurs principally during 
the winter with minor summer rainfall. Temperatures in 
the region of this floral regime range during the summers 
from a low approximately of k degrees Celsius to a high 
of about 32 degrees Celsius. During the winter the tem­
peratures may well remain below freezing for short periods 
of time and reach occasional highs of 15 degrees Celsius
(Axelrod, 1960, Houghton, 1975)-
The coastal forest element is typical of a region 
where mild maritime conditions exist. Winters are usually 
mild and warm whereas the summers are more moderate and 
cool. Rainfall is high, probably at least 112 cm per 
year, being distributed largely during the winter. As 
indicated, the fir Abies grandis found at Crystal Ream 
was a distinctive member of the coastal ioreso. Two 
other species found at Crystal Peak, .Acer sp. and Gas-
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t anopsis chr y soonyUs also are relics ox coa^^al foisot
element which also are members of the Sierran pine forest
regime.
From the above and the previously presented material 
a picture of the paleoenvironment at Crystal Peak during 
the deposition of the lower—most lignite bed, V—«9> can 
be drawn. Beginning with the geology of the coal seam's 
lower contact we find diatomaceous shales, silty sand­
stones, lignite with silty partings and lignitic snale. 
This entire sequence typifies a sequence best fit by 
off-shore, low-energy deposition in what was probably 
a small, periodically stagnant, shallow lake. This is 
based upon the fineness of the sediment, the lack of 
deoositional structures, and the occurrence oi fo^oil 
flora resembling aquatic plants in the lignitic shale. 
This shallow body of water is visualized as one in which 
water was never totally absent and eucrcphication dia 
not occur, however there were moderately long periods 
of time between major inflows oi water as inui^ated by
the silty sandstone units. These influxes were probably 
gradual however rather than of a flooding nature due to m e  
lack of typical flood structures such as crossbedding and 
scour and fill surfaces. In periods of higher water 
diatomites and shales were laid down but as the water 
level lowered plants and coarser rock materials advanced 
into the central areas of the lake forming a marsn. Ao
As the water level again rose, finer elastics were re- 
deoosited over the layers of plant material. Additional 
vegetal material was probably supplied from the surrounding 
area and drifted into the lake during each inflow period. 
Subsidence of the small lake was slow, as indicated by the 
thicker accumulation of lignite, but somewhat sporadic as 
indicated by reasonable thicknesses of shales and silt- 
stones during periods when plant growth could not keep 
pace with basin deepening. As water depth increased 
ore dominantly land grasses and shruos gave, way oo reeds 
and aquatic plants. This is reflected by the various 
grades of lignite present. The darker, richer lignites 
probably represent the marsh period while the lighter 
brown lignite which grades into shales represents the period 
when aquatic plants predominated and when larger percent­
ages of vegetal material drifted into the center of the 
lake and were deposited with detrital sands and silts.
The surrounding landscape was probably fairly xlat 
with only a few low, rolling hills around this lake area 
as indicated by the lack of large pebbles or coDoles in 
the sediments immediately adjacent to and included in one 
lake sediments. Besides the aquatic vegetation in tne 
marsh area the surrounding landscape was one ox open 
forests and shrub consisting of pines and firs with broad- 
leaf trees in protected drainage areas where more abundant 
water was found with scrub brush and probably grasses
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filling the open areas.
Precipitation during this period was probably on the 
order of 70 to 75 cm annually. Rainfall and snowfall 
was probably more prevalent during the winter, however 
substantial raimail also occurred during uhe summer.
Winter lows probably fell below freezing while summer highs 
probably never reached over 32 degrees Celsius.
Pollen grains extracted from sample horizon V~22c, 
located in the upper-most lignite bed indicated a woodland- 
lower yellow pine forest-chaparral environment. According 
to Axelrod (I960) this broad transitional zone experiences 
a milder climatic picture than that of the Sierran pine 
forest. Rainfall ranges from 50 to Gk cm per year with 
precipitation principally during the winter. Those winters 
are also mild as are the summers with temperatures rtmigiUo 
from about 6 degrees Celsius during the winter to about 
32 degrees Celsius during the summer.
The geology of the upper horizon of the lignite 
deposit is very similar to that of the lower with the 
exception that lignites and sandstone are more prominent- 
here than are the d.iatomaceous shales. Also toward the 
top of the unit volcanic tuffs are present interbedded 
with the lignite. It would seem that the fresh-water 
lake had not changed appreciably except that periods Oi 
deeper water are now fewer and at longer intervals than 
before. The topography also locally had changed little, it
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still being a relatively flat plain.
The surrounding vegetation however had changed from 
that of a forest to that of an open-forest, woodland- 
chaparral regime* Broad-leaf trees now dominated the scene 
as did lowland shrubs and grasses. Conifers still remained 
on the higher ground surrounding this plain and probably 
invaded it in a few areas. 'Inis change dasicallj repiesenos 
a reduction of precipitation and the warming of summer 
and winter temperatures. Now only about 55 cm of rainfall 
occurred annually and most of this occurred during the 
winter. Temperatures were milder during the winter with 
lows probably around 3 degrees Celsius. Summers were 
considerably hotter with temperatures probably in the
area of 57 degrees Celsius.
A plausible cause for this change in climatic regime
is the building up of the Sierrar, Ridge during late Miocene- 
Pliocene time. Axelrod (1955)> for this period of time, 
hypothesizes that the Sierra Nevadas were approximately 
9 1A meters above sea level which was about 500 meters 
above the elevation at the Crystal Peak location. There­
fore the Sierras could form an effective barrier to moisture 
from the coast creating a serni-rainshadow effect over
western Nevada.
At Tick Canyon, not really very far removed irom 
Crystal Peak, an open-forest-woodland environment seems to 
be indicated from the floral species recovered. The pollen
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analysis was carried out upon charred organic material 
similar to charcoal which Garside (1973) felt to be floral 
material charred in an oxygen-poor environment by the 
heat of the overlying volcanic tuffs* The lack of pollen 
grains present reinforces this idea because any burning 
involves the processes of oxidation no matter how oxygen- 
poor the environment is. Oxidation is highly deleterious 
to pollen grains even in a very short time spaa* When 
oxidation is involved many pollen species cannot even 
tolerate a short exposure prior to disintegrating, and 
those that can are often abraded beyond recognition. .
With the meager information available, it is hazardous 
to arrive at a reconstruction for Tick Canyon. It can oe 
imagined that the charcoal deposits were probably trans­
ported in from another location and reaeposited in a small, 
shallow lake or pond. This is indicated by the beading 
in the charcoal being in no way related to any s j u c * m e ^ 
which would be apparent if the vegetal material was growing
in place. There are also no recognizable xragmento of 
organic material anywhere in the sample; and the sample is 
silty, especially near its contacts with the tuff, tnus 
possibly indicating transport from a close-by locality.
The charcoal thus deposited was seemingly then covered by
additional tuff units ratner racial/.
The charcoal need not have originated in an oxygen- 
deficient environment, another explanation is that of a
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forest fire. If, as the sparse pollen content indicates, 
the surrounding areas near this pond hosted a variety of 
woodland and open-forest species, and as the ash indicates 
volcanic activity in the region, a forest fire could be 
expected to occur. Since violent storms are often seen 
to accompany volcanic activity the cause of the fire might 
have been lightning and not necessarily of direct volcanic 
origin (Francis', 1961).
Since storms could account for the fire, they might 
also account for the halting of the fire prior to tonal 
destruction of the burnt material. In other words a fire 
could have started and burned, but could also have been 
put out by rainfall prior to total destruction of trunks 
and branches of trees. This rainfall could also have been 
heavy enough to account for the transport of charred 
material to the pond.
It could be expected that the woodland area would 
experience a climate similar to tnat at Crystal Pean. with 
about W? to 50 cm of precipitation annually, most of which 
is distributed during the winter season. Temperatures 
probably ranged from highs of 38 degrees Celsius during 
the summers to lows of 0 degrees Celsius during the winters.
At Elko the geology is slightly different than at 
Crystal Peak in that shales predominantly surround the 
lignite beds. From the lack of high energy structures 
it appears that the environment was that of a restricted
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off-shore variety. The appearance in many of the light- 
colored shales of aquatic plant remains seems to strongly 
indicate at times a shallow environment rather than entirely 
one of deep water. This is further indicated by the 
occurrence of black shales in association with the white 
shales and lignite which is commonly deposited in basins 
with restricted influx or circulation of fresh water in a 
low-oxygen environment. Since the common sequence of 
deposition is black shale, white shale, lignite, white 
shale, and black shale, there is an indication that prior 
to the deposition of the lignite and immediately afterwards 
the basin became more oxygenated by increasea circulation 
of fresh water at depth. The easiest solution to this 
problem is to have a relative reduction of water level 
exposing the deeper basin areas to a new oxygen environment 
in which bacteriological decay is once again estaolisuea 
and in which aquatic plants, whose remains are xound, 
can thrive.
This basin where vegetal material was accumulating 
periodically was flooded beyond the depth which even the 
majority of aquatic plants could live, as a result of 
either the relative rising of the lake's water level or 
subsidence of the lake basin. Subsidence was p-obaol^ 
active at a rather fast rate, but still °r°-aulc ao .in­
dicated by the thin lignite seams and thick ana more 
numerous shale beds. It seems likely that rising ana
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falling water levels also occurred in this area and that 
both events were of equal importance to the depositional 
environment.
The pollen grains recovered indicate that the sur­
rounding landscape was of a mixed forest-woodland environ­
ment. The topography was rather low as seen by the lack of 
coarse sediments in or associated with the lake beds. 
Grasses and shrubs of this woodland during periods of 
low water extended over the basin to form a marsh or bog 
similar to those today in the lowlands of Wisconsin. As 
the level of water rose above which these plants could 
tolerate they died and were covered by fine sediments. 
Evidence of trees in these beds was not found and since 
the beds are of such small size, indicating a short 
interval of accumulation, it is felu tnat tnere was not 
sufficient time for maturation of larger woody plants. 
Large petrified trees however are found in the tuff units 
in this area and in some of the thicker sandy beds thus 
indicating forests were near at hand.
To support an environment such as this the precipi­
tation had to be greater than that wnicn occurs tnere 
today. Probably 85 to 120 cm ox rainfall occurred yearly 
which was distributed rather evenly throughout she seasons 
(Axelrod, 1950). Temperatures were mild with only a few 
days below freezing each year and with only a few days 
above 35 degrees Celsius.
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At Coal Valley the three horizons of lignite all 
contain pollen grains ox predominantly forest species 
ox plants. The lower coal bed, A, shows a sequence of 
two lignite seams surrounded and divided by thick silty- 
shale beds. From the evidence seen in the field these 
beds were deposited in a low-energy environment in an 
off-shore zone of a relatively large shallow lake. Evi­
dence for this is 1) there are no structures indicative of 
wave or stream action in the sediments, and 2) sediments 
peripheral to these to the north indicate a subareal 
beach-shore environment with sands, pebbles and cobbles, 
while further to the southwest a definite lacustrine 
character exists. Sample L—03c besides containing a larger 
pollen representation also contains very abundant remains 
of algae which indicates an oxygen-rich environment as 
opposed to an oxygen deficient environment as that at Elko. 
Here is a situation where a lake has a fluctuating water 
level. It may well also be subsiding at a slow rate.
During ■periods of low water, terrestrial and aquatic 
plants migrated outward across the new—formed beach and 
shallow areas. As long as plant growth kept pace witn 
rising water, organic material was added co the depooiv.
As indicated by the numerous partings in the lignite, 
several minor floodings occurred (i.e» seasonal or yearly) 
after which the vegetation quickly reestablished itself.
It was only the major changes in water level that stopped
the deposition of the organic material and buried it with 
fine sediments. Here again, like at Crystal Peak, during 
periods of rising water organic debris from the surrounding 
highlands was transported by streams to the basin and 
no doubt drifted and settled in it thus adding smaller, 
poorer quality, highly contaminated searns of lignite to 
those previously deposited.
As at the other locations and for the same reasons, 
the surrounding topography was flat to slightly rolling.
The forests grew to the lakes edge which probably hosted 
a wide variety ox aquatic plants (Berry, 1927> Axelrod, 
1956). Precipitation must have been on the order of 
60 to 79 cm per year of which a good amount had to be
summer rains* Summer precipitation is necessary co 
accomodate the few woodland and coastal forest species 
present at Coal Valley. Temperatures showed more extremism
than today with winter temperatures probably well below 
freezing and summer temperatures of 3b degrees Celsius 
(Axelrod, 1936).
Coal bed B represents the last invasion of ioreot 
vegetation upon the exposed tidal flats. 'This period ox 
accumulation of vegetal material was much shorter than 
that of coal bed A and was the result of a temporary low­
ering of the lake»s water level. This lowering could 
possibly have been due to drier climatic conaitj-ono o_ 
draining of the lake as a result of structural activity.
Though the pollen content here was very poor, there are 
indications that more shrubs than trees inhabited the 
area although trees for certain still existed as is shown 
by the occasional presence of petrified wood in the accom­
panying sediments. After this time the waters became for 
a while deep and then, due to the rapid uplift of the 
surrounding area the basin began to fill in with coarse 
elastics (Morgan Ranch Formation).
At Coaldale coal beds B and C were, for all intents 
and purnoses void of recoverable pollen grains. Because 
of this lack of information, only their mode of deposition 
will be discussed.
Coal beds B, C and D resemble each other a great 
deal in that their textures, structures and associated 
rocks are identical. A cyclic depositions! nature is 
immediately noticeable when viewing these three beds 
together. Bed B is composed of alternating shale and 
coal seams separated, by 21 meters oi overlying shales, 
sandstones, and tuffs, from bed C. Bed C is also composed 
of alternating shale and coal seams, and it in turn is 
overlain by 15 meters ox tuifs, shales and sandotones 
and bed D. Bed D is of the sane composition as beds B
and C.
It is possible that here again an off-shore, low- 
energy environment in a lake is indicated. Only this 
time a very definite repetition of four episodes of
deposition of vegetal matter occurred (including bed A 
which was not studied). The regularity of these deposi- 
tional periods could conceivably be the result of relative 
water-level lowering by drier climatic conditions followed 
by wetter conditions or broad structural warping in the
basin area. The larter is more prooaole Decause i) there
has been no indications of such climatic cycles at any of
the other locations and 2) when viewed in tne light of
tectonic events in other basins prior to block, faulting) 
warping was commonplace (Turner, 1902, van Houten, 1956).
Any number of combinations of warping in tne basin and 
surrounding areas could account for bnis pautein. for 
the intent of this paper, indicating the possibility of 
warping as an agent in controlling the growth and deposition 
of vegetal material is sufficient. The size of tnis lar© 
and its total depth is not known though it is felt that 
it had a restricted area within a local basin and not an 
unlimited extent like Turner’s Lake Esmeralda (1900a, 1900b, 
1902, 1909). Lastly the degree of regularity 01 the 
depositional episodes at Coaldale is cei^ainly unique 
when compared to the other Tertiary lignite deposits in 
Nevada and deserves to be studied in greater detail.
If the pollens in coal bed D are a good indication, 
then a forest community bordered this lake, and xOx 
appreciable periods of time, as indicated by individually 
thick coal seams, occupied areas of the lake forming a
marsh-like setting. This setting seems not to have changed 
radically over the lengthy period of time needed for the 
deposition of four coal seams. The annual precipitation 
could he expected to be slightly less than at Coal Valley, 
principally because of the then-existing low ranges 
separating the two locations. A fairly good moisture 
figure would be in the range of 55 to 63 cm of which part 
was probably received during the summer. Temperatures 
could be expected to reach freezing during the winter 




In concluding this project a couple of topics need 
yet to be discussed. The more important of these is the 
question of whether for any of the lignite deposits there 
is enough evidence to suggest contemporaneous deposition.
The second question is whether any of the lignite deposits 
show any economic potential.
With regard to the former question such items as 
lithology, fossil content and pollen content all are 
essential in indicating an age for each location and in 
indicating similar depositional environments. The following 
age determinations, though not agreed to by everyone, have 
been suggested and used for each location in this thesis: 
Crystal Peak - middle Miocene - late Pliocene
(late Barstovian - early Blancan)
Tick Canyon - late Oligocene - early Miocene
(late Arikareean - early Hemingfordian) 
Elko - late Eocene - early Oligocene
(late Duchesnean ~ early Chadronian)
Coal Valley - late Miocene - early Pliocene(?)
(early Clarendonian - early Hemphillian)
Coaldale middle to late Miocene
(late Barstovian - early Clarendonian)
The results of 
do not shed any more 
principally because
pollen analysis from the various sites 
significant light upon the subject, 
Tertiary forms, in general, are so
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similar to each other even experts find distinction diffi­
cult and can best determine ages by unique pollen grains or 
by associations. The latter method was utilized in this 
project due to the lack of expertise in positive identi­
fication of numerous species of flora.
Based on reconstructions of environments and pre­
viously designated relative ages of sediments at the 
five project locations, only three locations show major 
similarities. The Crystal Peak, Coal Valley and Coaldale 
floras all resemble each other. The lower flora at Crystal 
Peak is predominantly forest of late Miocene - early . 
Pliocene age which eventually grades into a woodland com­
munity within a brief span of time. The flora at Coal 
Valley is also basically representative of a forest commu­
nity of late Miocene age. Lastly at boa.ldale a sparse 
collection infers a forest or forest-woodland environment 
during the late Miocene.
The sediments associated with the lignites and coals 
at these locations are similar and are comprised ox shales 
with minor amounts of silty sandstone. Each of the loca­
tions also shows signs of cyclic deposition, though ao 
Crystal Peak the deposition of lignite on a large scale 
was more continuous.
It would be highly illogical and perhaps totally 
false to state, based on only this information, that these 
three basins were connected or associated with each other
in any way. It is however legitimate to state that similar 
events in quite similar surroundings occurred contempo­
raneously at three widely separate areas in west-central 
Nevada. Obviously the petrology of the sediments would 
vary from basin to basin, depending solely upon the com­
position of the surrounding highlands. However, this 
does not rule out connecting basins. The vegetation found 
at each location would also to a small degree reflect 
soil composition but more so the flora would reflect the 
climate of the area. In this instance two possibilities 
appear; either a fairly uniform climatic regime existed 
over a large area in west-central Nevada or there existed 
three separate but similar microclimates over the project 
locations separated by zones of varying climate. It 
would seem more logical to expect the. former situation, 
based on today’s climate, however to be sure, additional 
sampling points in equivalent sediments in between these 
three locations should be established. Pollens extracted 
from these samples would then either reimorce this idea 
of a regional climate or dismiss it.
In any event, the purpose of this paper is just to 
indicate possible correlations, if any, between ihie pro­
ject’s locations. In complying with this, pending addi­
tional studies, there is evidence indicating a nelu Ox 
similar forest vegetation existed, which was middle to 
late Miocene in age, from the Crystal Peak location south­
ward through Coal Valley and then eastward to Coaidale. 
Whether this belt was continuous or disrupted, and whether 
it bordered a large, continuous fluvial-lacustrine regime 
or an environment of numerous small basins, islands and 
highlands cannot be answered based on present information.
Economically speaking, it has been indicated through­
out the paper, that the lignite and sub-bituminous coals 
of Tertiary age in Nevada are not and have not been good 
enough grade or rank or in thick enough seams to be mined 
and used as fuels except for local domestic use. The 
Coaidale and Coal Valley deposits were the only ones even 
considered for this. In today*s market the coal*s poor 
quality cannot withstand the burden of long distance 
transportation which for these two deposits would oe a 
heavy trucking cost, not a rail cost. On too O j. this 
would be the high mining costs due to the geologic nature 
of the deposits. Since the beds are highly dislocated oy 
faulting and subsequently folded, and the beds vary con­
siderably in quality over short distances, mining operations 
would be complex. To mine these deposits would require 
either the stripping of large amounts of overburden in 
respect to the thin coal seams (seams approach the minimum 
ratio for stripping) or numerous inclines would have to be 
sunk from the surface to completely exploit one a^pooit. 
Processing the coal would also be expensive due vO tne 
high percentage of partings. In the past hand-sorting
120
121
was used to upgrade the coal. Jigging was found not to 
be effective, however, washing procedures were found suc­
cessful in upgrading this coal. Unfortunately, washing 
also decreased the volume o f material by two-thirds. In 
either event, in today's economy the processing of this 
coal would be very expensive. Lastly there are no real 
markets for the coal as a fuel in the immediate area. 
Hawthorne, Yerington and Tonopah represent the only sizeable 
communities close to these two coal deposits and their 
need for coal is almost non-existent. Consumer pressure, 
even if a need existed, would probably force this ashy, 
coal off the market in favor of cleaner burning bituminous 
or anthracite coal shipped in at relatively the same cost.
The future picture for these lignite and coal deposits 
may have a brighter side. Two produces of importance are 
found associated with or are derived from lignites; these
are montan wax and Leonardite.
The only montan wax plant in the United States is 
at lone, California. This plant has been in operation 
since 19^8, prior to which time all montan wax was imported 
from eastern Europe. The plant produces a brown, nara 
material which is sold under the brand name of Alpco 
Type 16. This product is a derivative of montan wax 
which is a brittle, hard wax found in coals and lignites 
which has' a high melting point. This wax finds its way 
into products such as floor and shoe waxes and polishes,
waterproofing and sealing materials, inks, leather dress­
ings, electrical insulating compositions, phonograph 
records, greases, protective coatings and carbon paper> 
to name.a few. Residues from the wax refinement and 
recovery processes is often used as a filler in ferti­
lizers, as a viscosity controlling agent in drilling 
muds, as a pigment and in the tanning industry (Jennings, 
1957)* Whether an economically recoverable percentage of 
montan wax is present at Coal Valley or Coaldale is not 
known due to its exclusion from pre-war lab analysis of 
the coal. This is also the case for the second material - 
Leonardite.
Leonardite is believed to be formed by the oxidation 
of lignite under natural conditions. It is an earthy, 
brown, soft lignitic material found associated with most 
of the lignite beds in North Dakota where it is mined 
commercially. It usually is found overlying the lignite 
beds and itself grades into a lignite with depth. Since 
it is highly oxidized as compared to lignite, as a fuel 
it is far inferior and as such is only good as a source 
of material, mainly humic acid, for the chemicals Industry. 
Little is known of Leonardite outside tne lignite neld 
and few markets have been developed for it. Production 
is stated in 1960 to be less than 1 percent of the lignite 
production. Bes?Ldes being used to proauce numic acid, 
Leonardite is used as a pigment in water soluaoie stains,
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as a viscosity control in drilling muds, as a fertilizer 
and soil conditioner, and as an ion-exchange resin stabi­
lizer. Also Leonardite can be produced in laboratories 
by oxidation of lignite thus reducing the importance of 
natural d.eposits (Fov/kes, 19&0).
Thus a potential commercial future for the Nevada 
lignite and coal deposits exists depending on the results 
achieved from further geochemical analysis of them and 
on the then-current economics of exploration, production 
and marketing of montan wax and Leonardite. In any event 
the lignites of Nevada will remain a geological oddity• 
in this State and of significant academic interest.
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PLATE DESCRIPTION
PLATE 1 - Looking west at seams of lignitic coal in the 
east ravine at the Crystal Peak location.
PLATE 2 « Looking east- at the low angle reverse fault 











PLATE 3 - Looking southeast across the Gatlin oil shale 
properties at Elko, showing a semi-arid land­
scape typical of most of north-central Nevada.
PLATE A - Looking northeast at an outcrop of lignitic 






PLATE 5 “ Close-up of a lignitic coal seam at the Catli 
properties at Elko.
PLATE 6 - Looking southwest at the Nevada Coal and Oil 
Company mine at Coal Valley. Lignitic to 
sub-bituminous coal seams trend north-south 
and are seen in the lower right corner of 









PLATE 7 ~ Looking northeast at an east-west trending
seam of lignitic coal at the Nevada Coal and 
Oil Company mine at Coal Valley,
PLATE 8 - Looking south towards the Nevada Coal and Fuel 
Company mine at Coaldale. Immediately soutn 
of the mine is the major fault bordering the 







PLATE 9 - Looking east toward the H. A. Darms Company 
mine at Coaldale. Lignitic and coal seams 
B and C trend ease-west along the face of 
the fault scarp.
PLATE DESCRIPTION
PLATE 10 - Close-up looking east at coal bed D at the 
Nevada Coal and Fuel Company mine, Coaldale
140 
PLATE 10 
PLATE 11 - Abies (?) grandis (Douglas) Lindley 
(photo width - 0.23 mia)
PLATE 12 - Abies concoloroides Brown
(photo width - 0o2o mm)
1
PLATE 13 - Pinus attenuata Lemmon 
(photo width - 0.13 m'm5~
PLATS 14 - Pinus (?) monticoia Douglas
(ph oto  w idth -  0 ,2 3  mraT”
PLATE 1p - Pin us jeffreyi Greville and Balfour 
(photo width - 0*23 mm)
PLATE 16 - Pinus (?) florissanti Lesquerex
(photo width - 0.23
A. RENO
PLATE 17 ~ Pinus larnbertiana Douglas 
(photo width - 0 .2 3 rara)~"
PLATE 18 - Pseudot3nga sononiensis Dorf
(photo width ” 0.28 mm)
PLATE 19 - ;pseudotsuga sonomensis Dorf 
( photo width - 0.23 mm) 
1 Lt5 
?LATE 20 - _'!'su~ ( ?) mertensiana (Bongard) Carriere 
(photo vridth - 0.23 mw) 
~iif~l~/1 
) 0363 
PLATE 21 - Tsuga ~onomensis Axelrod 
( photo width - Oo23 mm) 
PLA'rE 22 - Eph~dra ('? ) ne'Tadensis \\atson· 
(photo width - 0.22 mm ) 
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PLATE 23 - Populus (?) sp. 
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PLATE 2A - Salix (?) sp. 
(photo width ~ 0 . 1 3  ram)
l 
PLATE 25 - Juglans californica Watson 
(photo width- 0.15 mm) 
PIJ~TE 26 - Castanopsis chrysophylla (Douglas ) 
A. DeCandolle (photo width- 0.15 mn ) 





PLATE 27 - Cercocarpus (?) betuloides Nuttall 
(photo widtn - 0.15 mm ) 
PLATE 28 - Acer (?) sp. 
( photo widt"n-=-o. 15 mm ) 
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Plate 29 - Ceanothus cordulatus Kellogg 
(photo width- 0.15 mm ) 
PLATE 30- Cornus nuttallii Audubon 
(photo width- Oo15 mm) 
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The following is a driller's log of the first well 
drilled in 1907 for petroleum in Nevada. It was located 
in SEi-sec.21 ,T. 19 N.,R.19 E. by the Washoe. Oil and 
Development Company and designated as tne No. 1 Well.
The wellhead was at an elevation of 5900 feet and the 
well reached a depth of 1390 feet. Reports indicate 
shows of oil and gas from various lacustrine oeds. Ihe 
log, in its entirety, is taken from the work of J. Lintz, 
1957> Nevada Oil and Gas Drilling Data, 1906-1953*
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Sand & hot water 
(rises to within 
200' of surface) 
Shale, brown, sticky 
Shale, brown '
Shale, blue & a little 
sand, water bearing 
Shale, blue. Show of 
oil
Sand, water 
Sand, brown & shale 
Shale & conglomerate, 
some very hard 
Shale, blue, sticky 
Shale, brown with a 
little sand 





Shale, brown with a 









Shale with coal 
Shale, brown with 
streaks of sand & 
blue shale (caves) 
Shale, brown 
Shale, blue & a little 
sand with water & 





Site lithology of the Crystal Peak location as measured 
in the SvAJrNE^sec.SLT* 1 9 N.,R.18 E.
APPENDIX II
Thickness (m)
Alluvium - weathered shale material and soil 
28) Lignite — reddisn brown and black weathering 
to light tan and gray, thinly bedded^var­
iable thicknesses under 2.5 cm, friable, 
strikes NA1CW, dips 15°N. (Sample No.





base - notably tuffaceous and








character; V-22c - 
in appearance than 
2.5 cm bedding)Shale - diatomitic to slightly lignitic, 
light brown to white, lamellar bedding, 
fissile, friable, highly weathered. Unit 
strikes N^-1°W and dips 15C*N» (Sample 
No. V-21)Lignite - light reddish-brown weathering 
to gray, thinly bedded (2.5 cm thick), 
moderately indurate. Unit strikes Nif1°W 
and dips 15°N. (Sample No. V-20a - base; 
V-20b - 1 meter up from base; V-2Oc - 
2 meters up from base; and V-20d - top)
Sandstone - lens-like parting, highly 
weathered to a light gray with minor 
iron staining, no apparent bedding, 
moderately indurate to friable. Unit 
strikes !Nf1°W and dips 15°N. (Sample 
No. ¥-19)Lignite - light brown to gray, 
bedding, moderately indurate.
N/f1°W and dips 15°N. (Sample 
ba.se of unit; ¥-l8b - top of
lamellar 
Strikes 
No. V~10a - 
unit)
Sandstone - parting - lens-like - 
weathered to light tan and gray, no 
apparent bedding, moderately indurate 
to" friable. Unit strikes IN+1 W and dips
15CN . (Sample No. V-17)’ 1 ’-"own weathering to friable, 
.mple
Lignite - silty, light, b _ 
gray, lamellar bedding, fissile. 
Strikes Ni+l°W and dips 15 N. (S 
No. V-16)Sandstone - parting, lens-like, highly 



















iron staining, no apparent bedding, 
friable. Unit strikes IN+1 W and dips 
15°N. (Sample No. V-15)Lignite - silty, light brown weathering 
to gray, lamellar bedding, fissile, 
friable, strikes N41°W and dips 15°N.
(Sample No. V-14)Tuff - white, highly weathered,^massive, 
moderately indurate. Strikes ISUf 1 J Vv,
? dip. (Sample No. V-13)
Lignite - light brown weathering gray, 
lamellar bedding, fissile, friable. Strides 
N41°W, ? dip. (Sample No. V-12)
Shale - tuffaceous, dark brown weathering 
to light gray, bedding indistinct, prob­
ably lamellar, friable, grades laterally 
into lignitic shale beds - locally of 
highly variable composition. Unio strikes 
NZf1°W and dips 8®N. (Sample No. V-11a - 
base; V-11b - top of unit)
Shale - diatomaceous, light 
lamellar bedding, friable, 
and dips 8°N. (Sample No.
Lignite - sandy, dark brown 
to lighter shades of brown 
lamellar bedding, friable, 
and dips 8°N. (Saraple^No.







brown to white, 
Strikes N^1° W 
V-10)to black weathering 
and gray,
Strikes N41'W








indistinguishable and sparse fossil 
Strikes N41°W and dips o N. (Sample
Lignite - silty, brown to black xn color, 
thin bedded (less than 1 cm thick)_mod­
erately indurate to friable, contains a 
1 mm parting of siltstone and numerous 
IS mm -cartings of sandstone. Jnx^ strike 
N41°W and dips 8°N. (Sample No. V~0?a - 
base of unit; V-07b - top of unit) 
Siltstone - sandy, light gray in color, 
massive - no apparent signs of b e d a m 0 
however is deeply weathered, friable, 
contains a few casts of fossil ilora.
Unit strikes N41 W anci 
No. V-06) ,Lignite - brown to blac^ 
friable, contains what 
volcanic debris. Unit 


















Tuff - light gray weathering to white_ 
with minor iron oxide staining, massive, 
moderately indurate. Strikes Nij-1 »< and 
dips 15^ N» (Sample No. V—0̂ +)
Siltstone - lignitic, dark brown weathering 
to gray, thin bedded with bedding ranging 
in thickness from 3 ram to 6 mm, unit is 
friable, and contains some volcanic debris. 
Strikes Ni+1° W and ? dip. (Sample tlo. v - 0 ? )  
Lignite - dark brown weathering to light 
brown and gray, lamellar bedding, fissile, 
friable, becomes moderately indurate 
towards the unit top. Also thin sand 
lenses along many of the bedding planes 
are noticeable. Unit strikes N^I W and^
? dip. (Sample Wo. V-02a — base of uniu;
V-02b - top of unit)Siltstone - organic, black to aark brown, 
weathering to light gray and white, lamellar 
bedding, fissile, friable. Uni- striKes 
NZf1°W and ? dip. (Sample No. A-01j 1
Lignite - dark brown weathering to light 
brown, lamellar bedding, fissile, friable. 
Unit strikes N^-1°W and ? dip. (Sample 
No. V-.9)5) Shale - lignitic, black weathering 
brown, lamellar bedding, friable, tuffaceous parting p r e s e n t e d  rare casts
to
minor
of'fossil flora are"recognizable. Unit 
strikes n41°W and dips 15 N. (Sample
Sandstone^- lens, blue-gray color, bedding 
indistinct, friable.^ Unit strines W  
o din. (Sample No.Lignite - black to dark brown, lamellar 
bedding, friable, contains_very thin 
partings of sandstone. Unit strikes 
Nif 10 W and dips 1 5 'r
no distinct bedding, friable. Un*t s , n  
NA1°W, ? dip. (Sample No. - none)
Shale - diatomaceous, white in °o-or, no 
distinctive bedding, fnaole. Strides 
Nif1°W, ? dip. (Sample No. ~ none) 





K, (Sample No. V-.6) 















Site lithology of the Tick Canyon location as measured 
in sec.3 2 ,T.2I)- N.,R.19 E*
APPENDIX III
Thickness (m)
sand and pebbles derived
Q \o) light
Alluvium ~ consisting . -from surrounding volcanic rocvs 
Rhyolite - massive weathered brown ro -lj-o 
gray in color, indurate, minor fracturing 
(Sample No. - none)Tuff - massive, welded, light gray coloi,7) weathering white minormoderately indurate, d a y  content and contains opal—like 
mineralization. (Sample No. - none)
Charred organics - lens-like, black in color, 
very friable, shows thin bedding on the order 
of 1 cm, small silt content, charcoal-li^e.
gray to white moderately 
indurate to friable, high clay content ana 
minor opal. (Sample No. - none)
Charred organics - lens-like, clack, friab , 
thinly bedded on the order of 0.5 - ' cm> 
silty on contacts with tuff. (Sample
Tu?f -"massive, light gray to white, moderately 
indurate to friable, high clay content 
amd minor opal. (Sample No. none) bl
Charred organics - lens-like, black, fria , 
thin bedding approximately 0.5 cm thick.
Tufft7massive, °iight gray t0 
indurate, some clays and opal-like 
ization present. Base m  alluvium. (Sample
Alluvium - consisting of stream-rounded pebbles, 






















Measured section of the Tertiary units in the Elko area 
as measured in sec.22,23,2^,27,1.3^ N.,R»55 S.
Thickness (m)
Alluvium
23) Basalt and ash - light gray to white, 
intercalated flows and beds. No out­
crops, only float.
22) Ash, conglomeritic, white massive,
moderately indurate. Clasts — Dasaltic, 
subrounded, sized from 0.2 cm to 1.3 cm. 
Poorly exposed outcrop.
21) Basalt, vesicular, black; no exposures - 
only float.20) Ash, tuffaceous - scoriaceous locally,




basaltic material locally up to 0.6 cm 








weathered.Basalt, vesicular, black massive, 
highly weathered, poor outcrop, 
strikes N3*f°W and dips 10°N.
Ash, tuffaceous, scoriaceous -locally 
chalky, dark gray, massive, highly 
weathered, poorly exposed.Alluvium, gray - weathered ash fragments.
Unconformity (?) ,. ,,16) Limestone, silty, conglomeritic ( m  small 
lenses), buff color, dense, moderately 
indurate, thin beds - 0.6 cm to 1*3 cm 
thick - fracturing along bedding planes. 
Poorly exposed. Conglomerate contains 
clasts ranging in size from 0.3 cm to 
0.6 cm in diameter composed of^crystalline 
and volcanic rock. It is massive, moderately 
consolidated with a silty carbonaceous 
matrix. Unit weathers to white, is hignly 
fractured and poorly sorted. Thin lenses 
of silty shale are present. Shale is denoe, 
fjssile, weathers to white and is fractured 
along laminar bedding. Conglomerate strikes 
N75°E and dips 29°S. Top in alluvium.
Shale, very tuffaceous, light gray to white 
with minor iron oxide staining. Massive, 







Poorly exposed, highly weathered outcrop.
Unit strikes north-south and dips 1 
Uf) Tuff, light gray to white with minor iron 
oxide staining, massive, and fractured.
Poor exposure with base in alluvium. Unit 
strikes north-south and dips H  h  _
13) Shale, lignitic, light tan weathering uo 
cream and brown* fissile, moderately to^ 
poorly indurate, and fractured along bea­
ding nlanes. Beds are 1.3 cm thick wiuh 
good exposures but is highly weathered.
Unit strikes N6°W and dips 2/ n.
12) Shale, slightly lignitic, brown weathering 
to light tan, massive, and indurate.Fractured along lamellar bedding planes.
Very poor exposure.
11) Tuff, silty, light gray with minor iron-
oxide staining, massive and aense. iOO~_y
10) Shale?8tuffaceous, gray with minor iron
staining on fractured surfaces ussile, 
and moderately to highly indurate.^
Fractured along bedding and at 90 to it.
Fair exposures with outcrops striking 
N6°W and dipping 27°E. ,
9) Tuff, brown - weathering to ligni. g.ay, 
massive, and highly weathered (most 
minerals have been reduced to clay).
Good exposures. Unit strikes N80 £ and
Shal-3 black and brown weathering to Sray,
3) ^buf f and white. Friable, lamellar hedhmg 
on the order of less than 0.3 cm thicx.
Lower shale members contain numerous plan- 
fossils which become scarce toward uhe 
ton of the unit. Black shale members are _ 
p?IseJt at the top of the unit; they contain 
few fossils, and weather to brown._ biac^
shale has gaseous odor uponrop|aS e &poorlv is carbonaceous. Most outcrops are po ±u 
exposed - being 2.5 cm to 3 0.p cm thi 
with little lateral extern. Unit has baoe 
E  alluvium with float^between outcrops. 
Outcrops dip approximately -u •7) Limestone, fossiliferous, sxl-.}, g e y
brown weathering to light gray and white, fissile, dense, indurate, and fractured. 
Gastropods constitute the majoriy












chert which locally are severely^ folded^ 
are present in the limestone. lhe cnert 
is dark brown to black with a gaseous odoi 
emitted when chert is broken. _ Outcrops 
are poorly exposed ana strike N75 ',l and 
dip 10°E. Base of unit covered by platy 
limestone float.Alluvium, sparse platy limestone float. 
Alluvium, float consists of chunks of whne 
weathered sandstone. Much alluvial cover. 
Sandstone, light orange weathering to a  ̂darker orange-brown, massive ana moderately 
indurate. Contains quartz grains - sub­
rounded, clay and minor dark grains.Exposures are poor with most slopes  ̂
covered by weathered chunks of sanastone 
of dark orange to white. .Conglomerate, yellow with sandy matrix and 
small pebble clasts ranging m  size from 
0 5 cm to 2.5 cm. Clasts are suoangular to subrounded to rounded. Unit is moderately 
indurate, crossbedded and poorly sorted. 
Clasts include quartz, quartzite, manor 
limestone, chert and jasper, all from underlying units. Conglomerate strikes 
N1CW and dips 15°B. Contains several 
sand lenses' of 2.5 cm to 9 cm in thickneso. 
Lenses show no bedding and are poorly 
sorted. Pebbles occur sporadically. 
Limestone, silty, dark cream to light cream, 
dense, aid highly indurate. Exposures are 
verv poor covered by float. A single 
exposed bed has a thiCitness of 0 cm. . , Alluvium, covers contact with Weber quartzite 
‘ conglomerate. Platy float consisting of 

























lithology of the Elko location as measuied in 













.vi umShale - cream weathering to white with minoi 
iron staining, bedding, is variable from 
lamellar to 2.5 era, friable, weathers ,o a
Unit strikes N55 Vi and dips 
(Sample No. E-23)shaly, dark brown to black weathering 
gray, lamellar bedding, fissile, 
contains indistinguishable plant 
Unit strikes N55°W and dips 
(Sample No. E-22) _
Shale -cream weathering to white, exhibits 
bedding ranging from lamellar to 2.5 cm in 
thickness, locally fissile ana as a whole 
friable, beds progressively become thicker 
toward the top of the unit and the 
is highly weathered reducing it to 
powder. The beds strike N55 # and 
21°N(?). (Sample No. £-21)Shale - black to brown weathering to blue, 
lamellar bedding, fissile, moderately 
Indurate, highly weathered. Unit strikes 
N55°W and dips 21°N. (Sample no. ^-2.0)^
Shale - brown weathering to yellow ana gray- 
white along bedding planes and fractures.
Beds are 2.5 cm thick and are moderately 
indurate. In the lower beds tiny inver­
tebrate fossils - clams and ostrocods can 
occasionally be found. Unit strike 33 
and dips 12°N(?). (Sample No. m-19)
T a g-ni te — shaly, dark brown to black 
^weathering to"* light gray, lamellar bedding, 
fissile, friable, contains indistinguishable 
S S i c ’mkeriai: Unit strikes H55»W and 
dins 12°N(?)» (Sample No. m-1b)Shale - cream weathering to white, showing 
bedding on the order of 0.6 cm thick.
Unit is friable, weathers uo a c h a W  
powder, strikes N35°W and dips 12 N(?). 
(Sample No. E-1?)











blue-gray, shows lamellar bedding, fissile, 
friable. Near base ostracods (?) can oê   ̂
occasionally found. Unit strikes Iv5 '•> aaa 




'l'hic ness o ) 
l - r , s e l r di:rlg , i ,
l . ear s  t    b  
casi all  d . nit  H. 5°\', nd 




An abbreviated measured section of the lowest, unit ox 
the Coal Valley Formation as given by Axelrod 0  956)*
Thickness (m)
and
Morgan Ranch Formation (conformable contact)
5) Alternating breccias, tuns, shale, sana 
stone and conglomerate - br<eccias are 
granitic and are approximately 1 to Ip 
meters thick. The tuffs are andesitic 
are 1 to 3 meters thick. The^shale is 
diatomaceous, cream to white m  color, 
thinly bedded, commonly associated with 
the andesitic tuffs, with beds usually  ̂
less than 1 meter thick. The sandstoneo 
are light gray to brown, well-bedded, 
moderately indurate, show scour and 
eross-bed structures, are locally pebbly, 
with beds ranging from 1 to 3 thick. The conglomerates are of pebble 
size, principally containing granitic 
and volcanic clasts and each beo. is
Sandstones^-1*gray^blue to blue, massive, 
can be pebbly, and showscouring. Locally associated with the sandstones are reddish-brown mudxlows, 
conglomerates and diatomaceous sha- • __
Sandstone, tuff, conglomerate and shale 
sandstone is blue-gray,coarse, with prominent cross-beddin an 
scour structures and forms beds 1 to ° 
meters thick. The tuff_is andesitic ~ brown to gray, water-lam and usually ^ery 
thin. The conglomerates are of_pebble 
small cobble in size, are comprised of granitic and volcanic clasts with beds 
wbirh a^e 1 to 5 meters thick, lne^snaio 
•5 diatomaceous, cream in color, thin bu 
« 1 1  bedded and’has beds less than 1 meter
Andes!t f “tuff'and grit. The tuff is massive,
*?*? “ d=0lf h f g r i f f s f a s f f e (  =oa?sf











1) Alternating lakebeds, conglomerate, andesite, 
sandstone and tuff. The lakebeds consxsu 
of coaly seams, silts, clays, and axatomaceous 
shales. Beds of these sediments varywxaely xn 
thickness. The conglomerates are basxcalxy 
of a volcanic-pebbly variety, gray to brown 
and poorly indurate. Beds range xn_thxckneoS 
from 1 to 15 meters. The andesite xs have 
Peak, and can be found as flows and in  ̂
volcanic breccia, it is gray, and is xnuer- 
bedded with sandstones. The sandstones are 
andesitic, blue-gray, poorly k  c.massive, show cross-oeddxng and ocour struc 
tures and are in beds from 1 to 3 meters 
thick. The tuffs are rhyolitxc, very 









Description of the lithology of coal bed A as seen in 
the NE£se c.36, T . 8 I;. , R. 27 b.
Thickness (m)
A P P E N D IX  V I I
Alluvium
4;) Shale - silty, brown weathering to^cream with minor iron oxide staining. Bedding 
is lamellar to 8 cm in thickness. Unit 
is moderately indurate, highly fracuarec. 
and strikes N20°W with a dip of 3/ N. 
(Sample No. L-05)5) Lignite -silty, dark brown «o black 
weathering to tan. Bedding is on the 
order of 6.3 to 1 cm thick. Locally unit
2)
is fissile and on the whole friable.Lignite predominates with only a few beds 
of°harder coal. Minor partings of snare are 
also present and locally are quite numerous. 
Gypsum and sulphur are also abundant in 
this unit along bedding B l m M .  Beat quality lignite appears to te_at cne bsge 
nf this unit. Unit strikes N53yb and cUPs 
ifOeN and shows considerable warping in area 
of measurements. (Sample No. b-Q3a base 
of unit; L-03B - 1 . 5  meter above base; and
L-03c - top of unit) 
Shale - brown weathering 
oxide staining frequent 
predominates, however a
to white with iron Lamellar bedding few beds reach 2 cm die and friable
1)
in thickness. Unit is fiss 
throughout. Shale strikes N35 E and dips
22CN. (Sample No. L-0/+/ , .I-ignite — dark brown to ola.cn. weatnej. n  g
br0““  Unit shows lamellar bedding 
predominantly and is fissile and friable-
Fine wartings 01 shale 
re ason able 
of gypsum and 






as are  fillings 
ulphur. Unit s t r i k e s E  
pq °:\t, (staple No.
: - ’ L-02b - at unit ’








The following are three logs of diamond-drill holes 
from the Coaldale area in Esmeralda County. Hole 1 and 3 
were located in sec.2 8,T. 2  N..R.37 E.> and hole 2 was 
located in sec.33>T.2 N.,R.37 E. All measurements were







89 90 190 91 1
91 93 2
93 95 2
95 96 196 102 6102 106 4
106 128 22
128 1 AO 12
1 AO 145 5
1 if5 147 21A? 150 3
1 50 152 2152 162 10
1 62 163 1
163 169 6
169 171 2




Buff, gray to purple shale, linch bands of sandstone with sorae gypsum 
and bentonite.Laminated purplish to buff &andy 
shale and siltLaminated and variegated gray o un  
to purple silty shale.
Volcanic sandstone, gray to purple 
Purple shale 
Laminated silt 
Parole-gray sands toneLaminated purple, variegated shale and 
sandstone.
Light-gray sandstone 
Laminated purple and gray silt 
Black-banded shale and_gray sandstone 
Buff sandstone containing peobleo ox 
volcanic matter.
Sandy and tuffaceous shale 
Brown massive sandstone 
Laminated tuffaceous shale ^Brown sandstone and sandy shale 
Brown sandstone Gray tuff, opalized Silt, opalized Gray, sandy tuff, ppalizea 
Laminated shale, opalized
lr ay tuff,Coarse' buff sandstone 
to gray siltBuff to gray silt and tuff, containing 
'nodules with the bedding planes 
warped around them.




Hole 1 - continued
























































































Laminated shale, with small, °aud}, 
tuff layers. _Thin-bedded, opalized tuxx 
Laminated purple and green silt 
sandy tuff beds.Silty to sandy tuff; some 
ash bandsDark-gray to brown snale;
stone streaks.
SandstoneLaminated gray shale 
ChertLaminated gray shale , ic ashGray clay with layers of volcanic «*sn
and pumiceGray shale and bentonite 
Unbedded volcanic ash
Coarse gray sandstone thin-bedded'Grav shale and sandstone, chin oeaaea
Laminated bentonitic gray shale, son
interbedded sandstone. -nornhvryShale, irregularly mixed with por̂ Lj-j'conglomerate containing mud flake..
Gray shale; occasional thin sands.0.*
Darkfsoft shale with traces of carbon - 
Hard, gray shale bituminous
Gray silt . olr„Q
% %  S 3 :;,ipproSJ?elyailoj bituminous
% %  silt,'"approS4°ateiy 8% bituminous 
fnoTse gray sands tone ,
tilt i d  shale with carbon specas, 
%o( bituminous streaks an 494 feet 
Carbon-bearing, light-gray, volcanic asn 
Dark shale, some dituminous materil 
Coarse gray s^dsuone, | A ^ cC°gter Bituminous shale, 10 'P/* nfr-T-nv soft to hara clay; graces ox bituminous material at 520 and 
Coarse gray sandstone 
Gray silt and shale
t i fhht-aray conglomerate, ---Gray^shale interbedded in coarse 
sandstone
feet




Hole 1 - continued






































Bituminous shale ,Light-gray, coarse sandstone with tnm 
streaks bituminous shale. ,
Purplish-gray shale, some bentoiij-o ^  
sandstone.
Shaly gray tuff 
Mixed sanay clay shale Interhedded light-gray sandstone, 
brown shale, and clay._
Hard, brown shale; occasional streak
gray tuff
Bituminous shale . mpt+prGray tuff; small amounts organic maotei
Gray to brown shale
Blue mud shale ,Dark-brown shale with ben.onite *nd 
t u f f a c e o u s  zones; breccia zone at
656 feet. _ ,Hard, black, bituminous snae, 
occasional lenses of coal 
Tuff with some black breccia
Hard, dark shale . ,Medium to fine tuff with occasional
black fragments.
Tuff .Hard, dark-brown snale 
■Tuff occasional black streak _
Sandstone, alternating dark, - * 
"“ ed’and light-colored medium- 



























Gray to buff sandy shale ana s—  0
sandstone p
T u f f a c e o u s  sandstone, some coarse,
some shaly zones*
Hull shale lo


































if1 5 if 21 
if 21 if2if
ij.2if 461 
if 61 if 6 7
if 6 7 i+68
if6 8 469 
if 6 9 if'70
if 70 if 7 2 















Gray shale and silt 
Coarse sandstone and tuff 
Shale, laminated, buff, purple ana 
gray, with occasional thin beds of 
sandstone, tufi, and silt.
Gray tuff, sandy to shaly 
Gray shale with sandy tuff layers 
White tuff, with carbon flakes 
Gray silt and shale with sandy layers 
Tuff with sandy to bentonic shale 
Buff, sandy tuff with carbon ilakes 
Pea gravel conglomerate 
Bentonic shale
Buff tuff with carbon flakes 
Dark bentonic shale 
Burned bituminous shale 
Dense, pink, tuffaceous, calcareous 
sandstone with fossils ana blue- 
gray shale.Gray sandstone and brown shale; some
Gray"sandstone, coarse to tuffaceous 
Hard, brown shale; occasional traces 
of bitumenSoft, bentonic shale
Bituminous shale ana coal
T-T̂rri gray-brown shaloGray’tuff with conglomerate zones
and breccia 
Brown bentonite 
Fine, gray tuff 
Dark-brown shale 
Coarse, gray, sanay tui.t 
Hard, dark-brown shale
Dark-brown°shale with sorae sandy streaks 
Gray, bentonite shale
Hard, brown shale ft.Gray tuff. Charcoal ana COAL at 4bi
(3/4 inch thick) i
Gray tuff with charcoal oreccra
Charcoal and COAL , ,Gray tuff with charcoal bj.ecuia 
Dark, hard, bituminous shale with 
lens of COAL
Brown shale with layers of hard, black,
169
F NEVADA, RENO
Hole 2 - continued














































































Brown shale with some 
Brown shale with some
C0Al5 (badly0brushed) with irregular 
and crushed layers of brown shale 
Tuff with layers of bony coax
Tuff _ ,Dark shale with some lense^ oi
Sandy tuff . , , ̂Tuff and hard bituminous snal
Fine gray tuff 
Gray snale and ounii 
Hard, black slate
:oal
i— inch Shale flow in betweenCoal with 1^-xnwi I'-';;.7, „r„allFine to coarse, sandy tuff witn snail 
flecks of carbon. Mineralized, 
calcite, pyrite, biotite.
Dark hard, black (bituminous) shal^ 
L S a W d ,  Hard, bituminous shale and
Hardfbituminous shale (broken)
COAL (broken) and shale, sandy cuff 
COAL and bony coal (broken), fine
brecciated tuff „n.,pDark shale, some lenses coal; some
bentonite , n ctnipCOAL ivith thin laminations oi snal ,
gray tuff _ .COAL (broken condition)
5 ^ Q
Laminated^coal and shale (slate) broken Laminaoea M iale with occasional
^ 6 ers ”  cSAL.0l Bo6 om 3 inches 
heavily mineralized.
COAL with slate laminations 
Brown shale, mineralized zones
Dark shale ,
Fine to. coarse? sancijGray conglomerate
Fine to coarse volcanic asn
Sandy tuff

























































































Shale and sandstone interbodded^ es
occasional volcanic as. anj ^ ned 
Coarse sandstone; some vu0o
with tar j ^ n a i p l v  shaleShale and sandstone, dorainauei^
with abundant secondary ca 
Hud-fhaSfbrecciated shale with
streaks 0 0 ^5=tor s'1 with shale streaks Tuffaceous sanasco.-^
Shale and sandstone 
Bentonite
Shale and sandstone
Shale Gfreaks of sandstoneShale with small streams
and bentonite.
Bentonite . sandstone and then
S^ L SsfaS?jreroa«rheC„tonite sores
Shalfwlth sandstone; tuff and bentonite 
Sandy shale . fossil marker,Calcareous sandsuone, io**-
mainly gastropods.
Fine, gray tuff some lenses ofDark, hard, brown shale,
coa  ̂ brown shaleFine gray tuf , flecks ofCoarse sandy tuff wicn
charcoal 
Gray shale 
Fine gray tuff Gray bentonitic shal 
Gray sandy, shale 
Gray shale
Tuff „ ..n 1 avprs of sand-
^ r t o P ^ e o S  sli^t1, bituminous 
Tuff with carbon +
Bentonite .fihtly bituminous, and tuffDark shale, slignui^
Sandy shale h U  bituminousDark shale, sii0n^i^
Sandy shale and tun
Coarse sandstone bitumin0us, with
Dark shale, -l. g . layers,tuffaceous and sandy
M a t e r i a l











39̂ + ^01 
^01 ^°3 








470 if 7 7 
if 77 if 81 
^ 81 4 8 2 
if 82 ifSif
ifSif if 8 5 
i+85 if 8 8 























































<fhnle and tuffaceous sandstone Shale ana slic-htly bituminous Dark shale, /
bentonitic tones ^
Dark shale_ h le thin lenses ofDark bituminous shale,
G0Ali . omall lasers of tuff 
s S -  tuf?’a S  shale, some bentonite
Dark shale 
Sandy shale
Sandy tuff , . 1Conglomerate up to 2 1
Fine to coarse sana^
Gray*shaleSwith occasional thin layers 
of tuff or sandstone rse
Alternating gray shale
Bro^shale, fine layers of
Sandftuf‘7  w“ K eSiayeSaof Brown shale, line layer-
sandstone folded and faultedBrown shale, hig - J  
Gray shale 
Tuff* Fault zoneChocolate-brown sha s ^  sandstone
Alternating dark and ^ony coa
S n ° o u I  shale S t h  leaf!*. lenses
Tuff, wate^” !̂°reedfault1 zonl; packed Coarse sandston , lenses of coalBituminous shale, thin ±
Metamorphic sandy congiom
Tuff . _ tuff, fault gougeSand, some pieces of tuff,
Tuff „„Sand and tuii , fauit zoneTuff, serpentinizcu.
Fine agglomera s agglomerate.
Fine to coarse tuxiac g inches.





Description of the lithology of coal bed B as seen in 
sec.33,T.1 N.,R.37 E. at the Coaldale location.
Thickness (m)
APPENDIX IX
6 ) Shale with minor3ilcu_c - brown weathering to cream iron oxide staining, bedding varies irou
i ^ l i T t o l T o *  t k c ,  Jriable^contain^
Elinor — - — .strikes 1136°W and dips 25°Ni
No. C-06) . ,Lignite - shaly, brown weathering to 
lamellar bedding, fissile, friad-e, 
contains numerous shale parsings up 
5 cm thick. Unit strikes N36 W ana







g°N. (Sample No. C-05a “ base; C-03^ 
center of seam; and C-05c - top)25 x , w w-/v' f '  .Shale - carbonaceous, brown weathering uo 
cream with minor iron oxide searning, 




Deauing, —  ~ „ • , .thick, locally fissile, iriaole to
moderately indurate. Unit contains 
secondary gypsum stringers along 
planes and fractures. Uni, also contains 
minor lignite seams up to 2 .3  cm in,SSo Unit strikes N36 W and dips
(Sample No. C-Od) , .Tignite - dark brown to black weaxaering 
to "gray, bedding approximately 3 cm 
t £ i S  friable, locally shows micro-
th ic k n e s s
LclD-Lt? > uuwxxj —--folding Minor thin shale partings are 
present! h i t  strikes N36°W and dxps 
j.ioh (Sample No. '-'—03)Shale * - s h d 3  brown weathering to cream 
with minor iron oxide staining, n
apparent bedding, sthkeslooal -oreserce Oi suipnu.x.
B36-W 'and dips 11° H. (Sample Mo.Lirnite - black weathering to fcnay, beddi-e 
0 lamellar ro 3 cm m  mictmcou,varies from d^rnell locaiiy beds











(Sample No. C-Ola - base; C-Olb -
of unit; C-01c ~ top) ^  +
4*9
